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PREFACE 



TO THE THIRD EDITION. 



A New Edition of my Course of Qualitative Chemical Analysis 
having become necessary, within less than two years from the 
appearance of the last Edition, I have again been guided in 
making alterations and additions by the experience I have 
gained of the working of the book with large Laboratory Classes. 
The rapid progress made by students who are not afraid of 
grappling with difficulties, and the sound and thorough analy- 
tical knowledge wliich they are able to acquire, in a much shorter 
time than formerly, have proved to me, that I have not over- 
taxed their powers. Nor have I done anything to encourage a 
belief that a knowledge of Chemical Analysis can be acquired by 
merely practising mechanically a few tests, without going more 
fully into the subject. Analysis forms, in my opinion, the key to 
a sound chemical knowledge. It calls forth more preeminently 
than any other study, the powers of observation and generali- 
sation. Habits of combination and close mental reasoning 
have to be cultivated in no mean degree. Being based upon 
facts, the verification of which experiment places within the 
reach of every one, any conclusion drawn from actual observa- 
tion can be speedily put to a practical test. As a means of 
mental training Chemical Analysis, if properly practised, cannot 
fail to take a foremost place in General Education. 

The methods employed in the present Work have stood the 
test of many years' practice. They are, I believe, well suited 
to promote accurate and expeditious work. A student who 
applies himself steadfastly to the study of Analysis, usually 
gets through the Course in about six months, and has time left 
to gain some practice, also, in quantitative Analysis during his 
first year's study. The foundation for this latter branch of 
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Chemistry having been laid by the Qualitative Course, he has 
usually only to acquire the necessary manipulatory skill to 
conduct quantitative operations successfully. 

I still adhere to the opinion expressed in the Preface to the 
Second Edition, viz., that the usual systematic course of quaK- 
tative analysis should not be unnecessarily complicated by 
taking cognisance of the reactions of the Earer Metals. I have 
therefore treated them, somewhat more fully than is usually done, 
in an Appendix, retaining as much as possible the individuality 
of the metals, and the classification which nature itself has 
traced out for them. I trust that the additions which I have 
made will not impair the favourable opinion or damp the warm 
reception which the Book has hitherto enjoyed. 

The analytical Tables are now published also in a separate 
and less destructible form, printed on Messrs. De la Eue's parch- 
ment paper. 

Chekioal Labobatobies, 
SciEKCE Schools, 
South KBNsiNaTON, 
November, 1874. 
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Chapter I. 

DEFINITION OF QUALITATIVE ANALYSIS. — RE- 
AGENTS. — CHEMICAL OPERATIONS. — GROUP- 
REAGENTS AND SPECIAL REAGENTS. 

Chemical analysis consists in the performance of certain experi- 
ments : — with the object of putting, so to speak, certain qnestions 
to a substance, in order to ascertain the presence or absence of 
certain bodies. It is termed qualitative analysis, if the answer which 
is received reveals merely what hind of matter is present (from 
qiuilis), without regard to quantity. It is essential that these 
questions should not be put at random, but according to a well* 
considered systematic order ; and that the answers should be inter- 
preted correctly. 

There exists a resemblance between certain elementary as well 
as certain compound bodies ; at the same time the metallic, like the 
non-metallic elements, bear the stamp of a marked individuality 
which renders every classification, from whatever point of view we 
attempt it, more or less difficult — a difficulty which extends likewise 
to the various compounds which the elements form. Thus silver, 
which is classified with the monad metals potassium and sodium, 
differs in a marked manner from the alkali metals. Iron, which 
exists in the dyad form in FeClt (ferrous chloride), and in the 

f FeCl 
tetrad condition in < viaPi^ (ferric chloride), partakes in the dyad 

form of the character of the isomorphous diatomic metals of the 
magnesium group, e.^., manganese and zinc, and resembles in the 
tetrad form aluminium and chromium. Copper, which in its cupric 
compounds offers certain points of resemblance to the magnesium 
group, resembles also in many respects the metals of the mercury 
group ;* the general composition of the cuprous and mercurous and 
the cupric and mercuric oxides and chlorides being the same. 
Inorganic (as well as organic) compound bodies bear, for the most 
part, the impress of the elementary bodies which enter into their 
composition ; and compounds built up of elements which have equal 
numbers of bonds, frequently show a certain analogy in their struc- 
ture as well as a considerable similarity in their reactions. In 

* H. Wurtz, Le9on8 de Philosophie chimique, p. 170. 
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studying the chemical changes to which the various bodies — elemen- 
tary or compound — can be submitted, our attention must be mainly 
directed towards discovering and defining this similarity and dis- 
similarity. 

We employ reagents as the means of producing chemical changes. 
By reagents are meant bodies — either elementary or compound — 
which are capable of reacting upon and revealing to us the nature of 
the substances under examination. They are usually divided, with- 
out any strict line of demarcation, into two classes, viz., general and 
special reagents. General reagents are those which separate a number 
of substances — groups in fact — at one operation ; and special reagents 
those which are used to a limited extent only, and for the detection 
of iiuiividual substances. 

In a laboratory the general reagents are most conveniently 
arranged over the working table within reach of each operator ; 
whilst the special reagents intended for the use of a number of 
chemical students, are usually placed in a freely accessible part of 
the laboratory. 

A list of reagents, as well as directions for their preparation, 
will be found in an Appendix. Chemical students who have not 
the advantage of working in a well-appointed laboratory, should 
devote much attention and care to the preparation of the i*eagents. 

Chemical Operations. — ^We add a 
reanrent to a solution of an unknown 
body either by pouring it directly from the 
bottle or by running it from a pipette, as 
shown in Fig. 1, with the view of producing 
a precipitate, i.0., of converting the body 
from the soluble to the insoluble state. The 
reaction which takes place is mostly a change 
hy double decomposition. Sometimes a pre- 
cipitation is produced by voltaic action, 
sometimes merely by the substitution of 
one solvent for another. One or more 
bodies may be precipitated by one and the 
same reagent. As most precipitates are 
heavier thasi the liquid in which they are 
suspended, they fall to the bottom with 
more or less rapidity ; and the supernatant 
liquid may often be poured off or ilecantcily 
without much disturbing the precipitate. 
This mode of separating fluids from preci- 
pitates is by far the most expeditious, and 
should be resorted to whenever it is appli* 
cable. The precipitate may be washed in 
the vessel itself by treatment with hot water 
and repeated decantation. 

When a large quantity of a fluid has to 
be removed from a precipitate, it is best 
to siphon off the supernatant fluid. The 
precipitate may be washed with water, and 
the wash-water siphoned off repeatedly. 

Small quantities of a precipitate which 

do not subside readily are more quickly 

Fio. 2. separated by nitration. For this purpose 
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fannelBBreused, raoetlj of glflu. conical in ahape, sad inclined >t Bnnngle of AO*. 
The; ma; be eonrenimitlj ■upported on a wooden stand, Fig. 2, or an iron or brea* 
■Iteiinv atMid aa teen in Fig, 8. The HterlBK w^wtr ihould be poroiu and 
ODsiEed, and cut in the form of a round aheet, which tj being folded twice in 
the shepe of a quadrant, forma, on opening up, a paper oone, at an angle of 
G0°. The aiMr should eiactlj Bt the funnel, without reaching quite to the 
rim, and ahouM be moiatened in the funnel with diatQIed waler before anj 
bqujd is poured through it. Aa moat kinda of filtering paper rontain traoet of 
iron, lime, ailiL-a, etc., — with the exception of Ihe ao-called Svediah flltering 

{aper, which oontaina scarcelj perceptible trace* of mineral aubat»nce«, — acid 
quida frequentl; diaaolie out tracei of these bodiea. In all accurate analjaeathe 
filtering paper should, on this account, be waihed flrnt with dilute hjrdrochlorio 
or nitric acid, and then with hot water, before being uaad ; or else Bwediah filler 
paper only ahould he emplojed. 

Most precipitatea retain with great pertinacitj tracca of the fluid in which 
the; were suapended, and it is therefore of the utmost importance lo thoroughly 
woah them in order to obtain accurate 
rpBulta. For this purpose a wKak-battle 
(t'ig. 3) ia emplojed, whereby a fine jet 
of hot or cold distilled water can be di- 
rected on to the filter in auch a manner aa 
to looeen and detach the precipitate from 
the paper. The liquid aliould at no lime 
quite fill the filler, as wme precipitates 
have a tendency to creep up and to get 
between the pa|)er and the glan, and ara 
carried into the AHnitc. This would 
enMil repeated filtration, llie washing 
of a precipitate on the filter is eflected 
moat rapidly by allowmg the waah-water 
to run otf entirely ea^h time before adding 
freah quantities of distilled water. By ro- 

peating this four or five timea, most pre- . 

oipitatea will be found sufficiently washed Cio. i. 

f or qualitatiTe purposes. 

The student ahould guard himself against using too large a quantity of the 
Biibatance which be wiahes to examine. Heavy precipitates entail much washing, 
an operation which is moat tedious and yet jndispcnaable. 

Teal tubca anawer the purpose of precipitation and separation in qualita- 
tive analysis, especially as there is generally no need for coUecting the wash-water 
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or adding it to the main filtrate. These tubes are conyeniently placed in a test- 
tube stanil (Fig. 4;. After being well cleansed by the aid of a test-tube 
brush, and rinsed out with distilled water, they should be set aside to drain in a 
basket. 

Beakers are sometimes employed if an analysis inyolyes the separation of a 
small quantity of one substance from a large amount of another, and when, of 
necessity, large quantities of the substance must be operated upon. 

Poreelain dishes are employed for the purpose of concentration, or evapora* 
tion and ignition. They can be heated either by means of a spirit lamp 

(Fig. 5), or a so-called Berzelius lamp (Fig. 6), 
or, where coal-gas can be procured, by means of a 
# m^ Bunsen isb» lamp, provided with a rose top. 

S JWI^ Sometimes a sheet of iron wire gatlze or a sana- 

/S^wRI^^ bath is interposed between the poroeliun vessel and 

the gas flame, and is supported on a retort ring, 
or tnpod stand. Illustrations of convenient tripod 
supports for porcelain and glass vessels, which 
prevent at the same time the flame from being 
blown about, have been given in my Introduction 
to Inorganic Chemistry. 

If solid substances have to be examined, they 
should always be powdered in a mortar — an 
agate mortar should be employed for hard sub- 
stances, such as minerab — before being dissolved 
in water, acids, &c. 

Reactions involving the use of valuable re* 
agents — such as salts of gold, platinum, silver — 
should be performed on wateh-slassesy with 
small quantities of the substance only. 

For the ignition of precipitates we employ 
mostly porcelain crucibles, or small porcelain 
dishes. 

A knowledge of qualitatiye analysis 
enables ns — 

1. To recognise with speed and certmniy 
the presence of various elementamf 
and compound bodies, 

2. To effect tJieir separation from each 
other. 

In order to accomplisli tliis we shall 
study more particnlarly those cliemical re- 
actions — ^botn in the dry and in the wet 
way — ^which are essential ; but shall endeavour, at the same time, 
to ^ive as complete a view as possible of other chemical changes 
which serve the purposes of qualitative analysis, and which on this 
and other grounds possess considerable interest. 

It is for many reasons desirable to confine the laboratory course 
at first to the study of the more important elements and their com- 
pounds ; we shall, however, treat of the rarer elements and their 
compounds in an Appendix. 

There are certain reagents which effect the separation of a 
number of bodies contained in a common solution, leaving all the 
others in solution. Such general reagents are then called groups 
reagents. 
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DiBsolve in water small quantities of 

Argentic nitrate* 
Cupric nitrate. 
Cobaltic „ 
Bario 
Potassic 
To the solution add — 

HCl, a fohUe curdy precipitate is obtained, wliioh consists of argentic 
cliloride, AgOl ; filter. To the filtrate add— 

SHs, a hUick precipitate is obtained consisting of euprl€ aulphlile, OuS ; 
filter again, and to the filtrate add— 
Ama, ] 
AmHo, ^ A hhich precipitate comes down consisting of eobaltoiu sulphltf e« 

and I OoS ; filter, and to the filtrate add — 
SAmj. ^ 

OOAmog, a white precipitate is obtained, consisting of 1iart€ earboiiate, 
OOBao'' ; filter, evaporate the filtrate and ignite to drive off the ammonic salts. 
A white saline residue is left, containing the potaaale salt* 

What were the chemical changes that took place P 
The changes were evidently produced by the mutual exchange of 
elements in tivo bodies (changes by double decomposition) : i,e.j the 
hydrochloric acid added in Group I to the solution of the metallic 
nitrates, exchanged its hydrogen for the silver of the argentic nitrate; 
and the sulphuretted hydrogen exchanged its hydrogen for the metAl 
copper, leaving nitric acid and cupric sulphide, etc. 

The reactions will be readily expressed by equations, thus : — 



NOjAgo 

Argentic 
nitrate. 



HCl 



AgCl 

Argentic 
chloride. 



NOiHo. 



Cupric 
nitrate. 

Cobaltous 
nitrate. 

Baric 
nitrate. 



SHs 



SAnig 



OOAmog 



OuSt 

Cupric 
sulphide. 

OoS 

Cobaltous 
sulphide. 



2KO3H0. 



2K02Amo. 



OOBao'' + 2KOaAmO. 

Baric 
carbonate. 



Silver, copper, cobalt, and potassium are, however, not the only 
metals which might have been separated by these same reagents. 

The table on the next following page exhibits the five groups 
into which all metallic bodies classify themselves on the addition of 
the several group-reagents. 

* Solutions of salts of the different metals containing five milligrammes of the 
metal in a cubic centimetre are conveniently prepared and kept for use. 

t It is immaterial whether we write SCu or OuS, since both sulphur and 
copper are dyad elements. 
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GROUP-REAGENTS AND SPECIAL REAGENTS. 7 

Thus far group-Te&gentB assist as in separating bodies, bnt when, 
as in Gronp lY, the white precipitate prodaced by the gronp- 
reagent, COAmo2, leaves ns still in donbt whether a bariam, stron- 
tinm, or calcium oomponnd was present in the solution, fnrthcr 
experiments mnst evidently be made with a view of completely 
identifying the substance under examination. This the student 
will only be able to do by making himself first practically familiar 
with the different changes or reactions which the members of the 
various groups of metals can be made to undergo : and after uoder- 
standing the use of the group-reagents, he should direct his atten- 
tion to the special reactions which diati/nguish and separate (yiie vietal 
from another or from several others. This may frequently be done 
in more than one way ; one reaction, however, as a rule, deserves 
the preference over others, on account of the greater exactness 
which distinguishes it, or on account of increased facility of execu- 
tion, or of both. 

Certain reactions, lastly, will have to be studied, which are not 
directly available for the separation of the members of a group 
from each other, but to which considerable interest is attached 
as being illustrative of some valuable property or other of the 
metals. 

The tabular form, which is, no doubt, the most compact and 
summary mode of arranging chemical reactions, will oflen be adopted 
for embodying such reliable and expeditious methods of separation 
as have stood the test of experience in tile liiboratory. The direc- 
tions given will be concise and divested of all explanatory matter. 
On no account should a student use any tabular directions, however, 
without first having made himself practically acquainted with the 
details of the reactions ; and to counteract any pernicious influence 
which the use of tables might have, the student should learn to 
draw up tables for the several other processes of separation which 
ai'e frequently possible. 

A deviation from the natural course of studying the reactions of 
the metals by beginning with Group I, and so on, will be justified 
on the ground of greater simplicity, and on account of the far 
greater importance which is attached to the metals of Group V, 
especially the alkali metals. Experience has shown that students 
have less difficulty in mastering the reactions by reversing the order 
of the groups, beginning with the study of the alkali and alkaline- 
earthy metals ; and that a thorough knowledge of the metals of these 
groups is of material assistance in understanding the qualitative 
changes to which the metals proper are subjected. 

The chemical nomenclature employed in this work is that of 
Dr. Frankland. It will be found fully explained in my Introduction 
to Inorganic Chemistry. An experience extending now over several 
years has shown that it is readily mastered and greatly appreciated 
by students. It is both comprehensive and logical, for it does not 
require one kind of formulae for inorganic and another for organic 
bodies, and it complies with the law of atomicity, observed for the 
different elementary bodies. The little o employed by Dr. Frankland 
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in writing the different componnd basilons radicals, snch as Ho, Ko, 
Bao", Bio'", AlaO^, etc., has tended occasionally to mislead beginners. 
It will be found nsefnl in all snch cases to practise writing these 
same radicals with a big O, and nsing the bracket, with the atomi- 
city indication placed outside the bracket, thus: — (OH), (OK), 
(OaBa)", (OsBi)^", (OeAla)^. We shall employ these formulae occa- 
sionally. Students have as a rule no difficulty in transcribing con- 
stitutional into empirical formulaB, a practice which may precede 
with advantage percentage calculations. 



Chapter II. 

REACTIONS OF THE METALS OF GROUP V. 

This group comprises the metals potassium, sodium, ammonium, and 
MAGNESIUM, which are not precipitated by any group-reagent. 



1. POTASSIUM, K. — Occurs in nature only in a few minerals, 
of which nitre or saltpetre is the most important. Potassium is 
present in larger or smaller quantities in a few silicates and sul- 
phates, snch Bs felspar, alufastone. It is also found in the ashes of 
i^\B.nii&\crude potashes), and in the form of chloride in saline deposits 
(at Stassfurth, in Prussia, and elsewhere). 

BBACTIONS IN THE DRY WAT. 

Potassium compounds, when heated on platinum wire in the 
inner flame of the blowpipe, impart a violet colour to the outer 
flame. 

This applies more parfcioalarlj to potassie salts which are volatile without 
decomposition at a reiy strong heat (such as potassic chloride, bromide, and 
iodide) or which are decomposed by heat ; but not to non-yolatile potassic salts, 
such as phosphates or borates, which giye scarcely any flame reaction. The pre- 
sence of sodium compounds gives rise to an intense golden-yeHovo flame, and con- 
ceals the potassium reaction ; but when seen through a blue glass, or indigo-prism, 
the jellow or sodium flame is entirely out off, and the potassium flame becomes 
distinctly visible, aiid is then of a rich reddish-violet colour. 

REACTIONS IN THE WET WAY, 

"We emplot a solution op potassic chloeide, KCl. 
PtCU (platliUc dilorlde) precipitates from potassic solutions 
which are not too dilute, a yellow crystalline precipitate of potassio 
platiiac chlorltfe, 2^Cl,PtGl4| insoluble* in alcohol and ether, as 
well as in acids. 

* The degree of solubility of a precipitate in different media can only be 
ascertained by laborious qucmtitative experiments. The student will therefore be 
expected to renfy only those statements respecting the solubility of the precipi- 
tates which require no quantitative knowledge. 
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fOOHo 
OHHo (tertMTle aeltf) precipitates whits otytialline hyArle M^assle 
OHHo roOKo 

OOHo tartrate. I gHHo ^^ neutral and Boffioiently oonoentrated 

LoOHo 
solutions. The precipitate settles rapidly, especially on shaking or stirring. 

2HF, SIF4 (hydrollaoslllclG adtf ) gives a wkUe geUUi%ou» precipitate of 
potassic sUleollaorltfe, 2£F,SiF4. 

Potassic salts are for the most part soluble in water, hence so 
few reactions ; the hydrate and carbonate constitute two important 
reagents, on account of the great affinity which the powerful base 
potassa possesses for the acids with which the metals of other groups 
may be combined. 



2. SODIUM, Na. — Occurs in nature in vast masses, as rock saltj 
NaCl ; as carbonate, in native soda^ CONaosilOOHs, and in trona, 
CONao3,2COHoNao,30H3 ; as nitrate, in cubic nitre, or Chili salt' 
petre, NOiNao; as sulphate or gla/uber salt, SO3Nao3,10OH2; as 6i6o- 
rate, B4O6Nao3,10OH2 ; as gloMberite, S204Nao3Cao", and as cryolite, 
GNaEjAlaFs) and in many silicates, of which alhite may be taken 
as the representative. All natural sodium compounds, with the 
exception of the last two minerals, are soluble in water. 

BEAOTIONS in the DBT WAT. 

We almost exclusively rely for the detection of sodium upon 
the characteristic colour — an intense solden yellow — which its com- 
ponnds impart to the enter flame of the blowpipe. Some sodic salts 
are readily recognised by their characteristic taste, especially rock 
salt and cubic nitre. 

ebactions in the wet way. 

We employ a solution op sodic chloride, NaCl. 

Sodic salts are even more freely solnble than potassic salts, 
and platinic chloride or tartaric acid give no precipitates. Hydro- 
fluosilicic acid gives a gelatinous precipitate from concentrated 
solutions only. 

SbO^Ko (potaasic metmntlmoiiiate) produces a white cryHalline pre- 
cipitate of sodic metantimoiiiate from neutral or alkaline solutions, if they 
are not too dilute. The precipitate is insoluble in alcohol. (The solution should 
only contain alkali metals.) 

Sodic hydrate and sodic carbonate act in every respect like 
potassic hydrate and carbonate. Pure sodic hydrate is now prepared 
from the metal sodixmi, and deserves the preference over potassic 
hydrate.* 

* The student who has not the adyantage of attending a course of lectures on 
chiBQiistry should make himself familiar, by reading a good Manual of Chemistry, 
with the properties of the yarious salts of potassium and sodium, also -with the 
interesting processes of manufacturing sodic carbonate from the chloride ; sodic 
silicate {foater-glast) ; potassic chlorate, &c., &c. 
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3. AMMONIUM.— Am = NH4. 

REACTIONS IN THE DRY WAT. 

Amnionic salts, when heated in a test-tabo, yolatliize, either 
entirely or partially. Salts with fixed acids, such as phosphoric 
acid, lose ammonia^ NHs. Salts of ammonium with volatile acids 
can be volatilised, either with decomposition, such as the nitrate, 
nitrite, sulphate ; or without decomposition, such as the chloride, 
bromide, iodide : the latter salts condense again unchanged ; they 
sublime, and are found in the upper part of the test-tube. 

REACTIONS IN THE WET WAY. 

We employ a solution of ammonic chloride, AraCl. 

PtCli produces a heavy yellow precipitate of ammonic platinlc 
chloride, 2AmCl,PtCl4. The precipitate is soluble in much water 
(hence there appears no precipitate from dilute ammonic solutions) ; 
but insoluble in alcohol and ether. Ammonic platinic chloride 
leaves on ignition only spongy platinum. (Distinction from 
PoTASSic Platinic Chloride, which leaves spongy platinum and 
pot^assic chloride, Pt + 2KC1.) 

Tartaric acid produces from a concentrated solution of ammonic chloride 
a white crystalline precipitate of liydrlc ammonic tartrate, resembling the 
potassium precipitate in its properties. The two precipitates are readily distin- 
guished on ignition. Hydric potassic tartrate leaves a carbonaceous residue, 
which is strongly alkaline, and dissolves in water (potassic carbonate) ; the other 
leaves merely a residue of carbon, devoid of any alkaline reaction. 

Ammonic salts are decomposed with evolution of ammonia gas 
when heated with a hydrate of an alkali (KHo, NaHo), or alkaline 
earthy metal (BaHo2, CaHo2), thus : — 

2AmCl + CaHoa = 2NH3 -f CaCU + 2OH2. 

Neutral salts, of certain poly basic acids, e.^., well dried alkaline 
chromates, borates, phosphates, etc., readily decompose ammonic 
salts, with evolution of ammonia gas and formation of acid salts, 
thus: — 

r CrOaKo 
2CrO,Ko2 -f 2AmCl = ^ O + 2NH3 + 2KC1 -f OH2. 

L OrOaKo 



Ammonia gas is readily recognised, 1st, }yj its pungent odour; 
2nd, by its turning red litmus 'paper, moistened with a drop of dis- 
tilled water, blue ; 3rd, by its conibining with the vapour of volatile 
adds (such as hydrochloric acid) to form white fumes (AmCl). 

Nessler^s test* for traces of ammonia. — If a potassic solution of 
potassic mercuric iodide, 2KI,HgIi, be added to a fluid containing 
mere traces of ammonia or of an ammonic salt, a brown precipitate 
of dimercurammonic iodide or a yellow to brown coloration is pro- 
duced, according to the quantity of the ammonium compound 
present — 

* For the preparation of Nessler's solution, see Appendix. 
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2(2KI,Hgl2) + i^KHo + NH4H0 = NHg"J,OH3 + 7KI + 30H,. 

Brown pp. 

Ammonic hydrate and carbonate, as woll as various other 
ammonium compounds, e.g.^ ammonic chloride, are among the most 
useful reagents which we possess. 

QUESTIONS AND EXERCISES. 

1. Mention some natural compounds in which potaesium occurs. 

2. How are potassium compounds recognised in the wet way ? 

3. How can potassium and sodium compounds be distinguished before the 

blowpipe flame ? . 

4. State how jou would ascertain whether the yellow precipitate produced by 

platinic chloride indicates the presence of a salt of ammonium or potas- 
sium, or of both. 

5. How can hydric potassio tartrate be distinguished from hydrir ammonic 

tartrate? 

6. How can sodium compounds be recognised in the wet way ? 

7. Which Bodic salts are found native ? 

8. What changes do the following ammonic salts undergo upon ignition : — 

ammonic chloride, ammonic nitrate, ammonic nitrite, ammonic phosphate, 
FOAmos, ammonic carbonate, OOAmoj, ammonic iodide ? 

9. How is spongy platinum prepared P 

10. How woiild you test for mere traces of ammonia ? 

11. How much spongy platinum is obtained from 2'345 grms. of ammonic 

platinic chloride ? 

12. How much dry ammonia gas by volume (litres) and weight can be obtained 

by distillation with calcic hydrate from 5 grms. of ammonic chloride P 

13. How would you examine a mixture containing ammonic chloride and potassio 

chloride ? 

14. 2 grms. of the mixed chlorides of potassium and sodium gave by precipi- 

tation wilh platinic chloride 3*671 grms. of potassic platinic chloride, 
2KCl,PtCl4 ; what is the percentage of potassium and sodium in the 
mixed chlorides P 

15. A mixture of 1*5 grm. of sodio and ammonic chloride lost on ignition *234 

grm. ; what is the percentage of ammpuic and sodic chloride present in 
tile mixture P 

16. Calculate tiie percentage composition of borax. 



4. MAGNESIUM^ Mg.— Occurs in nature as oxide, in the 

mineral |?eWcZ(Me, MgO; as hydrate in hruGite^ MgHos; as carbonate 

in magnesite, COMgo", and in hydnromagnedte, 030H0aMgo"4,3OH2; 

CO 
as DOUBLE CARBONATE in dolomite^ QQCao"Mgo", and mesitine spar^ 

CO 

QQMgo'Teo"; as sulphate in epsomite, SOHojMgo",60H2; as phos- 
phate in wagnerite, Pa02Mgo"22 ( -pMg" j; as silicate in peridote, 
SiMgo"2, enstatite, SiOMgo", steatite, Si406Mgo"3, talc, Si606Mgo"4, 

serpentiney giHoMffo""^^"' ^^^*^^^^^> Si302Ho4Mgo"2, and in 

SiO 

diopside, «. QCao"Mgo"; and lastly, as borate in hora^ite, B809Mgo"8. 
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KEACTIONS IN THE DRY WAY. 

The most characteristic reaction for magnesia in the dry way is 
the pale rose colonr which this alkaline earth acquires on moistening 
with cobaltons nitrate, and then igniting it once more strongly on 
charcoal. 

This colour can, howeyer, only be relied on when no other metallio oxides are 
present ; and as magnesium salts do not colour the outer blowpipe flame, recourse 
must almost inrariablj be had to the reactions in the wet way. Ignition of the 
sulphate on charcoal in the reducing flame yields the sulphide, MsrS. Prolonged 
igmtion of the carbonate yields caustic magnesia, which is almost insoluble in 
water. 

REACTIONS IN THE WET WAY. 

For this purpose a solution of magnesic chloride, MgClj, or 
MAGNESic SULPHATE, SOiMgo", (S02(02Mg)",) is employed. 

Magnesia is not precipitated by ammonia in the presence of 
ammonic chloride, because it forms a soluble double chloride, 
2AmCl,MgCl2. In the absence of ammonic chloride, part of the 
magnesia is precipitated as hydrate, MgHo2, thus : — 

2MgOl2 + 2AmHo = MgHo2 -f 2AmCl,MgCl2. 

Soluble double chloride. 

In the presence of a sufficient amount of ammonic chloride, the 
magnesic hyxirate is at once decomposed into magnesic chloride 
(MgHo2 + 2AmCl = MgCU + 2AmHo), and no precipitation takes 
place, nor is the double chloride precipitated by anmionic, sodic, or 
potassic carbonate. Hence magnesium cannot be precipitated in 
Groups III and IV, provided a sufficient amou/nt of ammonic chloride 
he present, and the solution be kept suffi,ciently dilute. 

Potassic, sodic, calcic, and baric hydrate precipitate white 
mairnesiG hydrate, nearly insoluble in cold and hot water. Ammonic 
chloride, as well as other ammonic salts, dissolve it readily, or, if 
originally present in sufficient quantities, preyent its formation. 

Sulphuric, hydrofluosilicic, and oxalic acid form soluble magnesic 
salts. 

POnoNao2 (hydrlc dlsodlc phosphate) precipitates hydrlc mag- 
nesic phosphate, POHoMgo". 

The precipitation is complete in the presence of ammonic chloride 
and anmionia. POAmoMgo",6Aq, ammonic magnesic phosphate, 
falls as a white crystalline precipitate. The separation from a dilute 
solution of a magnesic salt is promoted by gentle heat, and by 
stirring with a glass rod. The precipitate is but slightly soluble in 
water and ammonic salts. In water containing ammonia it is 
practically insoluble. Dilute mineral acids dissolve it as well as 
acetic acid. From very dilute solutions the precipitate separates 
only on standing for about 24 hours in a warm place. 

On heating magnesic chloride with precipitated mercuric oxide, the chloride 
Is converted into oxide, mercuric chloride being yolatilized. This experi- 
ment must be conducted in a closet which is provided with a good indraught of 
air, and is in connection with a chimney flue. 
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Methods for the recognition of Mg, K, Na, and Am will readily 
suggest themselves, if we bear in mind — 

1st. The volatility of amnionic salts (phosphates and borates 

excepted). 
2nd. The vnsoluhility of MgHoa in water, 
8rd. The insolubility of 2KCl,PtCl4 in alcohol. 
4th. The intense yellow coloration which sodium imparts to the 

blowpipe flame. 

A solution containing salts of Mg, K, Na, and Am, maj be 
examined as follows : — 

Ist. Heat a portion with NaHo ; ammonia gaa is giyen off, which is recognised 
by its pungent odour, etc. — presence of Am. 

2ncL To a second portion add AmCl, Am Ho, and FOHoNaos, a white crystalline 
precipitate indicates the presence of Msr. 

3rd. Eyaporate a third portion to dryness and ignite strongly. Extract with 
hot water, and add BaHos till the whole oi the magnesia is precipitated 
as MsrHoi ; filter. To the filtrate add OOAmos, as long as a precipitate 
is produced, and filter again. Eyaporate the filtrate to dryness, and ignite 
strongly to expel ammonic salts. Dissolye the residue in a little water, 
filter off a trace of MffO (if an^), and test filtrate for potassium by means 
of PtCl4 ; a yellow cryetaUtne precipitate — presence of K, and for 
sodium, by heating on a platinum wire before the blowpipe flame; a 
golden yellow flame indicates the presence of Ka. 

QUESTIONS AlO) EXERCISES. 

1. How is magnesio sulphate prepared — 1st from magnetites 2nd, from 

dolomite 1 

2. Which are the most important magnesium minerals P GKye constitutional 

and graphic formulie. 

3. How is magnesium detected in the dry way P 

4. Explain the action which ammonia, potMsio hydrate, and sodic carbonate 

haye upon solutions of magnesic salts in the presence of ammonic salts, 
and also without them. 
6. Describe fully the most characteristic reaction for magnesic salts in the wet 
way. 

6. How is magnesic chloride conyerted into oxide in the dry way P 

7. How is magnesium separated from potassium and sodium ? 

8. Calculate the percentage composition of magnesite and epeomite, 

9. How much crystallized magnesic sulphate, SOHosMgo^^GOHs, can be pre- 

pared from one ton of pure magnesite ? 



Chapter III. 

REACTIONS OF THE METALS OF GROUP IV. 

This group comprises the metals barium, S'rttONTinH, oalciuh, which 
are precipitated by ammonic carbonate from an ammoniacal solntion 
in the presence of ammonic chloride. The latter presents the pre- 
cipitation of magnesinm (if present in sufficient quantities). 

1. BARIUM^ Ba. — Occurs in nature chiefly in the form of 
heavy spar, SOiBao", and as vritherite^ COBao". 
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REACTIONS IN THE DRY WAT. 



Barium componnda, when heated on platinum wire in the inner 
blowpipe flame, impart a yellowish nrreen colour to the outer flame, 
especially when treated with strong hydrochloric acid. 

Heavy spar heated on charcoal in the reducing flame is reduced to baric 
sulphide, BaS, which fuses readily. This reaction is made use of to prepare, on 
a manufacturing scale, soluble baric salts from the sulphate. Baric carbonate 
is decomposed only by ignition to a strong white heat. 

REACTIONS IN THE WET WAY. 

Baric salts are obtained by dissolving the native carbonate or 
witherite in acids.* Heavy spar is attacked by alkaline carbonates 
at a high temperature. By mixing on a small scale finely powdered 
baric sulphate with three to four times its weight of fusion mixture 
and heating in a platinum crucible over a gas flame, it is converted 
into baric carbonate, thus : — 

SO.Bao" + OONaoKo = OOBao" + SO,NaoKo. 

Insol. in water. Soluble in water. 

On extracting the fused mass with hot water and filtering, 
COBao" is left, from which, by the addition of the respective acids, 
small quantities of the different baric salts can be prepared. 

The same applies to celestine, S02Sro". 

A soLUTK^N OP BARIC CHLORIDE, BaCl2, is employed. 

COAmOs (sroup-reaseiit) precipitates white baric carbonate, 
COBao", soluble with decomposition in acids ; somewhat soluble in 
ammonic chloride. With carbonic acid it forms a soluble acid car- 
bonate or dihydric dicarbonate, C20iHo2Bao", but it is reprecipitated 
on boiling with evolution of carbonic anhydride. Baric carbonat<e 
is partially decomposed by alkaline sulphates, e.g., potassic sulphate, 
into baric sulphate and alkaline carbonate. The decomposition is 
complete in the presence of free carbonic anhydride. 

CONaot and COK02, same precipitate. 

KHo and NaHo, free from carbonates, give from highly concentrated solutions 
a voluminous precipitate of baric taydrate, BaHoj, soluble in water. A solu- 
tion of the hydrate in water is known as baryta-water. It possesses a strong 
alkaline reaction, and great affinity for carbonic anhydride. 

AmHo gives no precipitate. 

S02Ho2, as well as all soluble sulphates, precipitate heavy white 
granular baric sulphate, SOjBao", even from very dilute solutions of 
baric salts, insoluble in water, dilute acids and alkalies ; solable to a 
perceptible extent in boiling concentrated hydrochloric and nitric 
acids and also in concentrated solutions of anmionic salts, but. not 
if the precipitants are in excess ; soluble also in concentrated boil- 
ing sulphuric acid, with formation of dihydric baric disulphate, 
S204Ho2Bao". The presence of an alkaline citrate greatly interferes 
with its precipitation. Solutions of strontic or calcic sulphate (two 

* Dilate acids (HCl or KOjHo) should be employed, as the baric chloilde 
and baric nitrate, which result from the action of tliese acids upon witherite, are 
insoluble in the concentrated acids. 

m 
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sulphates which are bnt slightly soluble in water, especially the 
former), constitute the most delicate test for barium. 

POHoKao2 (hydrlc disodie phosphate) giyes from neutral or alkaline 
solutions a white precipitate of hydric baric phosphate, FOHoBao^, readily 
soluble in dilute nitric, hydrochloric or (toetic acid. Perceptibly soluble in 
amnionic chloride. 

} OO Am^ (ammoiile oxalate) gives from a moderately dilute solution 

of a baric salt, a whUe pulverulent precipitate of harle oxalate, •< nO'^^' 

soluble in dilute nitric or hydrocMoric acid. Soluble also in oxalic and acetic 
acids when freshly precipitated. 

OrOjKos (potasaic chromate) gives a bright lemon yellow precipitate of 
baric chromate, OrOjBao", even from very dilute solutions, readily soluble in 
nitric, hydrochloric or chromic acid (OrOaHoj) — reprecipitated by ammonia. — 

(DiBTINCTIOK FBOM STBONTIC ASD OALCIO BALTB, WHICH ABS KOT PBBCIFITATBD 
FBOM DILUTE B0LT7TI0NB. 

2nF,SiF4 (hydroflaoslUdc add) gives a colourless cryatalUne pre- 
cipitate of baric alUcofluoride, BaFajSiF^, which subsides quickly, 
especially upon the addition of an equal bulk of alcohol. It is 
somewhat soluble in water and in dilute acids, insoluble in alcohol. 
(Distinction of baric feom steontic and calcic salts, which give 
NO precipitate.) 

Soluble baric salts, such as baric chloride, nitrate or acetate, 
constitute exceedingly useful reagents for the detection of acids, on 
account of the metal barium forming insoluble salts with most 
acids. 

QUESTIONS AND EXERCISES. 

1. How can baric sulphate be converted into baric nitrate or chloride ? 

2. Which are the natural compounds of barium P 

3. Express in symbolic equations the different reactions for barium. 

4. Which are the most delicate reactions for barium P 

6. How can barium be separated from strontium and calcium P 

6. 1*235 grm. of witherite gave '966 grm. of baric sulphate ; what is the percentage 

of barium and of baric carbonate in the mineral P 

7. A sample of heavy spar contains 96*5 per cent, of pure sulphate. How much 

baric sulphide, and how much baric nitrate can be obtained from 1 cwt. of 
the mineral P 



2. STRONTIUM^ Sr".— Occurs in nature as sulphate, in the 
mineral celestine^ S02Sro" ; and as oabbonate or strontianite, COSro". 

examination in the dry way. 

Strontium compounds, when heated on platinum wire in the 
inner flame, colour the outer flame crimson. 

Celestine heated on charcoal in the reducing flame, is converted into strontio 
sulphide, SrS, from which the chloride may be prepared for blowpipe and other 
reactions, by treating the residue with hydrochloric acid. 

eeactions in the wet way. 
We use A SOLUTION of steontic chloeide, SrCl2. 
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COAino2 (sroup-reasent) gives a white precipitate of strontic 
carbonate, COSro", less soluble in amnionic chloride than the 
corresponding baric carbonate ; soluble in dilute acids. Carbonic acid 
produces the soluble dihydric strontic dicarbonate, C202Ho2Sro", 
which is decomposed on boiling into normal carbonate, carbonic 
anhydride and water. 

OONao2 and COK02, same precipitate. 

SO2H02, or a soluble sulphate, produces a white precipitate of 
strontie sulphate, S02Sro'". From dilute solutions a precipitate 
appears only after some time, especially if calcic sulphate be used 
as the precipitant. Heat assists the precipitation. The precipitate 
dissolves perceptibly in hydrochloric or nitric acid, but is insoluble 
in alcohol. It is insoluble also on boiling in a concentrated solution 
of ainmonic sulphate, S02Amo2, and a little ammonia. (Distinction 

BETWEEN STRONTIUM AND CALCIUM.) 

A solution of strontic sulphate in water precipitates baric salts. 

GOAmo ('^'■^■■^^^^c oxalate) precipitates strontie salts more readily 

tlian baric salts. The white precipitate of strontic oxalate, < ^J^Sro'', is 

readily soluble in dilute nitric or hydrochloric acid ; somewhat soluble in 
ammonic salts ; but sparingly soluble in oxalic or acetic acid. 

QUESTIONS AND EXERCISES. 

1. Which are the principal strontium minerals P 

2. How are strontic chloride and nitrate prepared — 1st from strontianite ; 2nd. 

from celestine ? 
8. Which are the most characteristic reactions for strontium ? 
4). How can strontium be distinguished ^m barium ? 

5. What is the percentage of strontium in Hrontianite and in celestine ? 

6. How can strontium be separated from calcium ? 



3. CALCIUM, Ca". — Occurs in nature in the mineral, vegetable 
and animal kingdom, in vast masses, in combination with carbonic, 
sulphuric, silicic and phosphoric acids. In plants it occurs combined 
with carbonic, sulphuric and phosphoric acids ; in animals com- 
bined with phosphoric and carbonic acids. It is occasionally also 
found in minerals which result from the action of acids (such as 
nitric or arsenic acid) upon calc spar. 

The principal calcium minerals are the various calcic carbonates, 
differing in physical properties or in crystalline structure, such as 
calc spar, COCao" (containing occasionally barium, magnesium, 
iron, manganese, lead, in variable proportions, and passing gradually 
into harytO'Calcite and dolomite^ siderite, diallogite and phmibo- 
calcite), arragonite^ ma/rble, limestonSf chalk; the sulphates, such as 
gypsum, SHoiOao", anhydrite, SOzCao", alabaster, selenite ; the phos- 
phates, such as apatite, PgOaCao"* ({i^S'" )'i bone-earth, P202Cao"3; 
and^;^or spar, CaF2. 
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UEACIIONS IN THE DBT WAT. 

Most calcium compounds, when heated in the inner flame of the 
blowpipe, colour the onter flame yell«wlsh»red ; calcic phosphate 
and borate excepted. The presence of bariam or strontium entirely 
obscures the calcium reaction. 

Calcic oarbonate when stronclj ignited becomes conyerted into oanstic or 
quicklime, OaO, which naots alUine. It combines with water reirj eafferij, 
CTolTing much heat, and is conrerted into calcic hydrate, OaHoj (slaked Qme), 
which is lees soluble in water than either baric or strontic hydrate. It is also 
more soluble in cold, than in hot water. Calcic sulphate is oonyerted into calcic 
sulphide, OaS, when ignited on charcoal in the reducing flame. The mass reacte 
likewise alkaline. 

REACTIONS IN THE WET WAT. 

Calcic salts are readily prepared from pure calc spar or marble^ 
bj means of dilute acids. 

We employ A solution op calcic chlobidb, CaCls. 

COAmOa (ffroay-reasent) precipitates white calele emrliomUe, 
COCao", which is bulky and amorphous at first, but on warming 
gently becomes rapidly crystalline. Calcic carbonate is somewhat 
soluble in ammonic chloride, especially when freshly precipitated. 
It is in fact partially reconverted on boiling into calcic chloride. 

CONaoa and COK03, same reaction. 

SO2H03, or a soluble aulphate, precipitates from concentrated solutions of 
a calcic salt white ealele salphate, BOHosCao'' -^ Aq., soluble in much water, 
and still more soluble in acids. A precipitate is obtained on the addition of twice 
the Tolume of alcohol from solutions wmch are too dilute to be precipitated by 
sulphuric acid or a soluble sulphate. Calcic sulphate dissolyes rradilj on boiling 
in a concentrated solution of ammonic sulphate. 

A solution of calcic sulphate precipitates both baric and strontic salts. 

POHoNaO) (hyttrle ttiaoAle phosphate) ffiyes a hulhy white precipitate of 
tricalete phosphate, PsOsCao'^, soluble in dilute hydrochloric or nitric acid, 
and soluble in acetic acid ; reprecipitated by ammonia. 

I COA o C'^"^™®'^'® oxalate) produces even from very dilate 
solutions of calcic salts a whiie ptdvendent precipitate of calele 

r CO 

oxalate, < nQp^' "^ "^^'' readily soluble in hydrochloric or nitric 

acid ; not perceptibly soluble in oxalic or acetic acid. On gentle 
ignition calcic oxalate breaks up into calcic carbonate, and carbonic 
oxide gas, and on igniting very strongly, caustic lime is left. 

Soluble calcic salts, such as the chloride or nitrate, constitute 
very important reagents for the detection of acids, on account of the 
metal calcium forming insoluble salts with most acids. 

QUESTIONS AND EXEBOISES. 

1. Which are the most important natural lime compounds P 

2. Give graphic formuls for gypsum^ anhydrite, calc epar^ fluor epar, apatite. 
8. Which are the most delicate reactions for calcium in the wet way ? 

4. How is arragomte conyerted into calcic oxalate ? 

5. Calculate the percentage composition of hone-^uh, 

6. Why can a somtion of calciG sulphate be employed for the detection of barium 

and strontium eren in the presence of calcic salts ? 
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Separation of Barium, Strontium^ cmd Calcium. — Barium minerals 
frequently contain strontium and calcium, and strontium minerals 
barium and calcium as well. A method of separating these metals 
is based upon — 

1st. The insoluhiUty of BaCla in absolute cdcokol (SrGlz and 

CaCl2 being soluble). 
2nd. The insolubility of N^OiBao", and N204Sro'' in absolute 

aZcoTiol (calcic nitrate being soluble). 

A hydrochloric acid solution of the mineral containing Ba and Sr» or Sr and 
Oa, or possibly Ba, Sr and Ca, is prepared, and the solution evaporated to dry- 
ness and gently ignited. 

Barium is separated from strontium and calcium, by digesting the finely 
divided residue with absolute alcohol, and separating the undissolved BaOlg by 
filtration. 

Strontium is separated from calcium by evaporating or distilling off the 
absolute alcohol, which contains the SrCla and OaCl2; precipitating with 
OOAmo2, filtering, and conversion of the strontic and calcic carbonates into 
nitrates by means of dilute nitric acid. The solution of the two nitrates is evapo- 
rated to dryness, and absolute alcohol added, when calcic nitrate is dissolved oat| 
strontic nitrate being insoluble in absolute alcohol. 

The presence of these metals may be confirmed by setting fire to 
the alcoholic solution containing baric, strontic, or calcic chloride (or 
nitrate) ; the alcohol is seen to bum with the characteristic colour 
observed when traces of these salts were heated on a platinum wire. 

Several other methods for recognising and separating the metals 
of Group IV will suggest themselves. 

It is often useful to ascertain whether one or two, or all the metals of this 
group are present in a solution. This can be done by adding to their neutral 
solution a solution of CrOsKoa, or 2HF,SiF4. A yellow or a transparent cry- 
stalline precipitate indicates barium. To a portion of the filtrate add SOsCao ; 
a precipitate forms perhaps only after some time, proving the presence of stron- 
tium ; or the solution remains clear, in which case calcium only need be looked 
for, the presence of which is indicated by the precipitate which ammonic oxalate 
produces from another portion of the largely diluted solution. If both strontium 
and calcium are present, separation becomes desirable. 

The student will have no difficulty now in drawing up tabular 
analytical schemes* based upon : — . 

1st. The itisoluhUity of BaCU and NjOiSro" in absolute alcohol, 
2nd. The insolubility of BaCls in absolute alcohol and that of 

SOaSro" in a concentrated solution of S02Amo2. 
3rd. The insolvMlity of BaF^SiF*, or CrOaBao", as well as of 
SOjSro", in water; calcic sulphate being sufficiently soluble 
to be readily indicated by ammonic oxalate, 

PEACTICAL EXEBCISESt ON GROUPS IV AND V. 

You are requested to analyse— 
1. A solution of salts of the metals "K, Kg, and Ba. 

• Table lY in the analytical tables at the end of the book contains a scheme 
embodying method 2. 

t As a control upon the work done in a laboratory the analytical results 
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2. A mixture (about *5 gnu.) of the solid salts NaOl, BrClsi and magneM alba 

(0,H04Mg0"4). 

a A mixturo of the solid salU AmCl, Ba01,» and OOCao'\ 

4. A mixture of the salts AmOl and BOjAfgo''. 

5. A mixture containing finely powdered marble, baric carbonate and common 

salt. 

6. A solution of BaCl2 and BacOltt oontaintng *010 grm. of Ba and *100 grm. 

ofSr. 

7. A solution of NaCl, KC1» and KarCls, containing *020 grm. of E, '200 grm. 

of Na, and '050 grm. of Mff. 

8. A solution of SrOl^ and OaCls, containing '050 grm. of Sr, and '600 grm. 

ofCa. 



Chapter IV. 

REACTIONS OF THE METALS OF GROUP III, OR 

AMMONIC SULPHIDE GROUP. 

Gboxtp III comprises the metals Nicebl, Cobalt, Manqahsse, Zmc, 
Ikok, Chbohiitm, Aluminium, likewise the phosphates of these metals, 
and of Magnesium, Babium, Strontium, and Calcium. 

1. Add to a solution* containing TSfi^Coo'^ '•jOI^t and calcic phodpfaate, 
dissolTed in a little dilute hydrochloric acid, a concentrated solution of ammonio 
chloride, and then ammonia. A precipitate is produced, filter, and add to the 
filtrate amnionic sulphide. A further precipitation takes place ; the precipitate 
is hlack. 

This shows thai some memhera of thU group are precipitated hy 
AmGl and AmHo ; other$ only on the addition of BAmt. 

2. Add to a solution of FesCl^, Orfil^, and AlaCl«, ammonic chloride and 
ammonia, till it is distinctly ammoniacaL A hulkj gelatinous precipitate is 
obtained. Filter. Add to the clear filtrate ammonio sulphide : no further pre- 
cipitation takes place. 

Showing that Iron, Ohromium^ and Aluminium are precipitated 
(as hydrates) from their saline solutions hy AmOl and AmHo alone^ 
wUhoiu the aid of SAm^, (Ammonic chloride has no share in the 
precipitation, but counteracts the solubility of the alaminio hydrate 
in excess of the precipitant, and prevents the precipitation of 
magnesium as hydrate.) 

3. Dissolve some baric, strontic, calcic, and magnesic phosphates in diluto 
hydrochloric acid, and cautiously add to the solution ammonia. "No precipitate 
is produced till Uie free acid has been neutralised (with formation of ammonic 
chloride), when the phosphates are reprecipitated. Filter and add ammonio sul- 
phide to the filtrate. No further precipitation takes place. 

This shows that the phosphates of the alkaMne earthy metals are 
precipitated by ammonia alone. 

should be carefully recorded by the student (as far as possible, in a tabular form), 
and should be discussed and corrected, if -necessary. By these means only it is 
possible to control and direct the analytical studies of a large class. 

* Solutions containing *005 grm. of the metal in cTciy c.o. are readily pre- 
pared, and should be kept for use. 6 c.c. of each solution will be found a 
convenient quantity. 

G 2 
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4. DiBsolye some phosphates of Ni, Co, Mn, Zn, and Fe in dilute hydroohlorio 
aoid.* To one portion ox the solution add ammonio chloride and ammonia. A 
precipitate is formed.. The phosphates are repreoipitated. Filter and add 
ammonic sulphide ; a further precipitate is produced. 

Showing that the phosphates of these metals are not entirely pre^ 
dpitated by ammonio chloride and a/m/monia. 

Thus far we have seen that these two reagents precipitate : — 

Nickelons phosphate 
Cobaltons „ 
Manganoos ), 
Zincic „ 

Ferric ,, 

Ferric hydrate 
Chromic „ 
Alnminic „ 

5. To a solution of BOsNio^ TXfifioo", SOsZno'', and Mna, (free from 
Fe), add AmCl in oonsiderable excess, and then AmHo in slight excess. No 
precipitate is obtained, the precipitate first produced by AmHo being soluble in 
the ammonic salt. To one portion of the solution add strong sulphuretted 
hydrogen water (or pass a current of sulphuretted hydrogen gas) ; a copious 
precipitate is produced, consisting of KiS and OoS (black), ZnS (white), and 
iCnS (buff coloured). 

This shows that Nickel, Gohalt, Manganese, and Zinc salts are 
not precipitated by AmCl amd AmHo, hut by SJ.ma. 

On exposing the other portion of the solution for some time to the air, it is 
seen to turn turbid where it is in contact with the air. Heat and shake the 
solution and the turbidity increases rapidly. 

Showing that AmCl and AmHo produce, v/nder favouroMe con^ 
ditions, a partial precipitaiion, 

6. To another portion of the solution of the phosphates of Ni, Co, Mn, Zn, 
and Fe (see 4), add AmCl, AmHo, and SAm2, without first separating by filtra- 
tion, the precipitate produced by AmCl and AmHo. Thb Puobfhatbs of 
Co, Ni, Mk, Zv, and Fb, which may be present in the hydrochloric add solu- 
tion, ABB DBC01CF08BD INTO SULPHISKB, AND AHHONIO FH08PHATB IS LBFT IN 
60LT7TION. 

7. To a solution of Fe^Cl« add AmCl and AmHo, a reddish-brown precipitate 
x>f ferric hydrate, Fe2Hot, is produced, which on the addition of SAms, turns 
instantaneously black. 

This shows that iron is first precipitated as h/ydrate, amd is 
subsequently converted into sulphide. Chromic and alnminic chlorides 
are precipitated under the same circnmstances as hydrates, but 
thej form no snlphides in the wet way. 

We may then sum up by saying that the group reagents, AmCl 
and AmHo, for reasons stated under 4 and 5, cannot thoroughly 
separate some of the members of Group III from others, and that 

* This solution may also be prepared by adding hydric disodio phosphate 
to solutions of the above metab as long as a precipitate forms, and dissolving the 
precipitate in a little hydrochloric add. 
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SAma should invariably be added as well. The three reagents* 
precipitate : — 

1. Sulphides — 

NiS black 

CoS black 

MnS buff 

ZnS white 

FeS black. 

2. Hydrates — 

CraHoe green 
Al^o« white. 

3. Phosphates of Cr, Al, Ba, Sr, Ca, and Mg. 



NICKEL, Ni" and *^, — Occurs in nature as sulphide, NiS", 
in caMla/ry pyrites, hair nickel^ or miUeriie ; as absenide, in 

/ "^g' f 'AB"Ni" 

arsenical nickel, < h A-rNi", and in copper nickel, < 'Ab"N'" ' ^ 

ANTiMONiDE, in < 'oi)"^*"' o/nMmony nickel, combined with rul- 

PHiDE, as in nickel gUmce or grey nickel ore, < n A-fNi,Ni^^S3, as am^li- 

f "Sb' 
mony nickel glance, < ng^fNiyNl^Sa; also in the form of minerals, 

which are the result of the oxidation of other nickel minerals, e.g., 
as nickel ochre, ASaOsNio^sy and emerald nickel, C(ONi"Ho)2Nio", 
50H,. 

REACTIONS IN THE DRY WAY. 

When nickel componnds are heated on charcoal with dry sodic 

* Add AmHo to a solution of bario.8trontio, calcic (and magnesic) oxalates in 
dilnte hydrochloric acid, as long as a wiiite precipitate is obtained. The oxalates 
of the aUudine earths are reprecipitated more or less completely as soon as the 
hydrochloric acid which (as in the case of the corresponding phosphates) holds 
them in solution is completely neutralised. 

The same applies to the fluorides, borates, tartrates, citrates, etc., of these 
eart^ baaes, which are precipitated by AmHo, although in the presence of much 
AmCl they are, to a great extent, held in solution. 

Silicic acid and smcates, soluble in hydroohlorio acid, are likewise acted upon 
by AmCl and AmHo, gelatinous silica, SiHo4 being precipitated. 

In order to avoid complicating the qualitatiye course, it is usually preferred 
to evaporate the hydrochloric acid filtrate from 6boup II to complete dryness, 
with the addition, towards the end of the eyaporation, of a little concentrated 
nitric acid, whenever AmCl and AmHo produce a precipitate. By these means 
silicic anhydride, SiO,, is left behind insoluble m acids; the fluorides and 
borates are for the most part decomposed ; boric and hydrofluoric acid being 
set free or volatilized. Oxalates are destroyed with evolution of carbonic 
anhydride by the oxidizing action of the nitric acid, and tartrates, etc., are 
broken up by gentle ignition into carbon and volatile gaseous products ; ferrous 
salts are converted into ferric salts, and on extracting the ignited residue with 
a little concentrated hydrochloric acid, the metals are obtained in solution as 
chlorides, together only with the phosphates of the alkaline earths, earthy and 
metallic bases. 
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carbonate in the vnner blowpipe flame, thej are reduced to a grey 
metallic powder which is magnetic. Heated on a horax bead, in the 
outer flame, nickel componnds yield an intensely coloured glass, which 
appears hyacinth red to Tlolet brown when hot, and yellowish to 
sherry red when cold (according to the quantity of nickel present). 
On fusing a little nitre in the bead, the colour is changed to blue 
or dark purple, whereby nickel compounds may be distinguished 
from iron. Heated in the reducing flame the colour disappears, 
and the bead assumes a turbid grey appearance, owing to finely 
divided particles of metallic nickel. The reactions with micro- 
cosmic salt are similar, but the bead becomes almost colourless 
when cold. 

REACTIONS IN THE WET WAT. 

We employ a solution op nickelous sulphate, S02Nio", 

= SOiCOaNi)''. 

SAms (sroap-reaffent) g^ves a hUuik precipitate of nlckdoas 
•nlphide, NiS, slightly soluble in excess of the reagent, especially 
in the presence of free ammonia, forming a daa*k brown solution, 
whence the sulphide is reprecipitated on boiling. The presence of 
ammonic chloride (or better still, ammonio acetate) assists the 
precipitation. Nickelous sulphide dissolves with dif&culiy in dilute 
hydrochloric acid^ readily in nitric acid or aqua regia, and is but 
slightly soluble in acetic acid. 

SHs gives no precipitate in an acid solution, and a partial precipitate only 
from a salt of nickel with a mineral acid ; but prodnces readily a precipitate 
from a solution of nickelous acetate, or a nickelous salt mixed with an alkaline 
acetate. 

NaHo or KHo precipitates an ojpple green hydrate, NIHoq, 
insoluble in excess, soluble in ammonic salts to a greenish blue 
fluid. Nickelous hydrate leaves on ignition nickelous oxide. It 
does not absorb oxygen from the air. 

AmHo produces a slight greenish precipitate, readily soluble to a blue fluid. 
Ko precipitate in presence of ammonic chloride. 

OONaos precipitates an a^ple green hatio carbonate, yarying in com- 
position. 

OOAmossame precipitate, readily soluble in excess, when filtered and washed, 
to a greenish blue solution. 

KCy (free from cyanate (CyKo) and carbonate*) gives a 
yeUowish green precipitate of nickelous cyanide, NiC^2, which 
dissolves readily in excess of potassic cyanide to a brownish 
yellow solution, containing a double cyanide of nickel and potas- 
sium, 2ECy,NiC^,. On adding a dilute acid (HGl or SOaHo,), 
NiCya is reprecipiteted, and KCy is decomposed with evolution of 
HCy. Boiling with hydrochloric acid decomposes the nickelous 
cyanide likewise. 

The solution of the double cyanide is not altered by boiling with 

* It is preferable to add hydrocyaiiio (prussic) acid, HCy, to a neutral solu- 
tion of a nickelous salt, and then KHo drop by drop, till the yellowish green 
precipitate is redissoWed. Great caution has to be observed on account of the 
highlj poisonous nature of HCy. 
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excess of HCy, bat the mckelons salt is oxidized in the cold bj 
chlorine, or on the addition of a coHcentratod solution of sodic 
hypochlorite, GlNao, to black niduUc hytfrate, 'Ni^'sHoe, which is 
giadnallj precipitated, thns : — 

2NiCy, + ClNao + 5OH3 = Ni,Ho, + NaCl + 4Ja:Cy. 

Nickelic hydrate may also be obtained by passing chlorine 
through water, in which nickelons hydrate is sospended. HCl 
decomposes the tetrad nickel compound into nickelons chloride and 
free chlorine. 

QUESTIOKS AKD EXERCISES. 

1. ExpreM in lymbolio equations the reaotiona for nickel in the wet way. 

2. State which are the principal nickel minerals, and translate into graphic 

formuln the constitutional formuls» of emerald nickel', antimony tUckel, 
nickelons nitrate and arseniate. 
8. How many oxides of nickel are there ; and how would yon prepare them from 
a solution of niokelous sulphate P 

4. How would you recognise the presence of Ni and As in artenieal nickel 1 

5. 50 cubic centimetres of a solution of nickelons sulphate yield on precipitation 

with £Ho and ignition *370 grm. of HiO ; how much Ni is contained in 
1 C.C. of the solution, and how much nickelous sulphate (SOHoyNio'^eOH}) 
must be dissolred in a litre of water to obtain a solution of the above 
strength P 

6. Calculate the percentage oompoflition of capillary pyriiet, 

COBALT^ Co" and '^ — Occurs in nature as sulphide or cohalt 

{CoS" r "As' 

CoS"^" • "* arsenide in < /'j^g'Co", tin-white 

cobalt or smalthTie (speiss cobalt)^ as sulphabsekide, or cohalt glance • 

f "As' 

I "Ab' Co",Co*^S3 ; also in the form of products of oxidation, such as 

cobalt vitriol^ SOHo2Coo",60Hti as arseniate, A8302Coo"8)8OH3, in 
cobalt bloom, and generally in small quantity in nickel and iron ores. 

REACTIONS IN THE DRY WAY. 

Cobalt is usually detected with comparative facility. Cobalt 
minerals containing sulphur or arsenic are roasted on charcoal, or in 
a glass tube, when sulphurous and arsenious anhydride are evolved. 
The residue is then introduced into a borax bead, and heated in the 
outer flame, when a fine blue, so-called cobalt glass, is obtained. 
This colour remains the same both in the outer and inner, or reducing 
flame. In cases where much Mn, Fe, Cu, or Ni are mixed with Co, 
the blue appears distinctly only after the bead has been heated for 
some time in the reducing flame. Microcosmic salt gives the same 
blue bead. Heated on charcoal, with sodic carbonate, in the reducing 
flame, cobalt separates as a grey metallic powder which is attracted 
by the magnet. 

REACTIONS IN THE WET WAY. 

NO 

We employ A solution of cobaltous nitrate, >tq*Coo", 
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SAnia (sroup-reasent) gives a black precipitate of cobaltous 
sulphide, CoS, insoluble in excess of the reagent, scarcely soluble in 
acetic acid, and very difficultly soluble in dilute hydrochloric or 
sulphuric acid, but readily soluble in aqua regia upon the applica- 
tion of heat. Hence a black residue lefb, on treating the ammonic 
sulphide precipitate of Group III with dilute hydrochloric acid, 
indicates probably the presence of cobaltous or nickelous sulphide. 

SHs gives no precipitate from an acid solution, but precipitates cobaltous 
sulphide partially from a neutral solution, and wholly from a solution of cobaltous 
acetate, or from a solution of a cobaltous salt contaming a mineral acid, on the 
addition of an alkaline acetate, and upon heating. 

KHo or NaHo gives a precipitate of a blue basic salt, whicb 
turns olive green on exposure to air, owing to the absorption of 
oxygen. On heating, a rose red cobaltons hydrate, C0H02, is obtained, 
which, however, contains mostly a small amount of dark brown 
cobaltic hydrate. Ammonic carbonate dissolves the precipitate 
(after filtration and washing) to an intensely violet-red fluid. 

By suspending <^baltous hydrate in water, and passing a current 
of chlorine into it, black cobaltic hydrate is precipitated, whilst 
cobaltous chloride remains in solution, thus : — 

SCoHoa + CI, ^ COjHoe + CoCl,. 

Cobaltic 
hydrate. 

Tn the presence of an alkali (NaHo) tbe whole of the cobaltous 
hydrate is converted into cobaltic hydrate. 

AmHo produces in neutral solutions a slight precipitate of a basic salt, 
which dissoWes readily in excess. The solution is reddish brown. Ammonic 
chloride prevents the precipitation altogether. The solution absorbs oxygen from 
the air, and becomes rapidly brown. 

OOlf aos precipitates a peach coloured basic carbonate. 

COAmos, same precipitate; readily soluble, howeyer, in excess, to a red 
solution. 

KCy gives with all normal cobaltous salts a brownish white pre- 
cipitate of cobaltous cyapide, CoCya, soluble in excess, reprecipitated 
by dilute hydrochloric or sulphuric ncid. 

If the cobaltous solution, however, contain free acid, so as to 
liberate hydrocyanic acid by the action of the latter upon tbe excess 
of KCy; and if the solution containing the double cyanide 2 KCy, 
CoCya be heated for some time, dilute hydrochloric or sulphuric acid 
no longer produces a precipitate, the whole of the cobaltous cyanide 
having been converted into cobaltic cyanide, 'Co'^'jCye, which 
remains combined with 6KCy to form a well defined and stable salt, 
called potassic cobaltlcyanlde, KeCosCyi,, hydrogen being evolved, 
thus : — 

2CoCy2 -I- 2HCy = COjCye -I- Hj. 

6KCy -I- COaCy, = KeCojCyn. 

Potassic 
cobalticyanide. 

This salt is not acted upon by sodic hypochlorite in the cold. 
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Separation of Nickel from OohalU 

It is obvions that the hydrocyanic acid reaction enables ns to 
separate nickel from cobalt. — To a neutral solution of the two salts 
add cautiously a small quantity of a strong solution of hydrocyanic 
acid, and then, drop by drop, KHo (a solution of potassic cyanide 
may likewise be used) as long as a precipitate forms, and till the 
precipitate is quite redissolved. Heat gently for some time in a well 
ventilated closet, till the odour of hydrocyanic acid has disappeared. 
Allow to cool, and add a concentrated solution of sodic hypocnlorite. 
NisHoe is precipitated in the cold, and cobalt remains in solution, as 
E«CosCyis. Separate by filtration. Test the residue before the 
blowpipe for nickel, and evaporate the solution to dryness, and test 
for cobalt by means of a borax bead. 

Instead of separating nickel as NigHot by means of ClNao, the solution, 
after boiling with excess of HCy, may also be precipitated whilst hot, with finely 
divided freshly precipitated merenrle •zitf e. On digesting for a short time at 
a gentle heat, the whole of the nickel is precipitated, ^urtly as HiHoa, pffftly aa 
JXiCjf, the mercury combining with the liberated cyanogen. Filter off the grwrnUk 
or yellowish grey precipitate, wash, and ignite. Pure HiO is left s thus :— > 

(1) 2NiCya + xHffO + OH, » HgCly, •¥ HiHo^ViCy, + x-lSffO. 

Greenish 
precipitate. 

(2) HiHos,HiOys + HffO - 2NiO + HffOys •¥ OH,. 

Volatile 
on ignition. 

The cobalt remains in the solution as 'K^Oofijij^ Nearly neutralize with 
dilute nitric acid, and add a neutral solution of mercuzous nitrate, TSf^JSLgfi>'\ « 
A white precipitate of mereuroas cokaltiejanMe, (Hg"s)sCo,Cyii, forms, 
which contains the whole of the cobalt. Filter, wash, and ignite under a hood 
with free access of air, when tricobaltie tetroxlde, O0SO4, is left. 

Another method of separation consists in adding a concentrated solution of 
HOKo (potaaalc nitrite) in considerable excess to a concentrated normal 
solution of a cobaltous salt, then acetic acid in sufficient quantity to freely re- 
dissolye the precipitate, which is at first produced by the froe KHo and OOK03 
contained in the KOKo. On keeping the solution in a moderately warm place, 
the whole of the cobalt separates in the form of a ciystalline precipitate of a fine 
yellow colour (&om a dilute solution only after long standing), the formation of 
which is expressed by the equation : — 

^3^" + l^HOKo + 4|°^^^ + 20H, « HACoaO'S 

Yellow 

6NOKo,40Ha + 4NO2K0 + ^/^^^^ + H3O, 
precipitate. 

• 

The precipitate is soluble in much water ; it is decomposed by hot nitric or 
hydrochloric acid, or by potassic hydrate ; insoluble in alcohol ; insoluble in the 
presence of potassic salts ; and it can therefore be washed by a solution of potassic 
acetate, and finally with alcohol. This sbaction sefabates nickel peoh 

OOBAXT YBBY EVFECTUALLT. 

On igniting a small quantity of NaOiNio", a dirty greyish 
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powder of NiO is leflb. Ignite next N2O4C00" gently, and a black 
residue of cobaltous dicobaltic tetroxide, CO3O4 = < /joO^^^ ' ^® 

left. On treating this oxide with hydrochloric acid, chlorine gas is 
evolved, according to the equation : — 

CO3O4 -h 8H01 = SCoCla -f- Cla -h 40Ha. 

Both nickel and cobalt are capable of forming compounds in 
which the metals exist in a tetrad condition, viz., 

Ni,0„ or I JJgo, and Co,0„ or | g jgo ; Co^S,. 

Nickelic Cobaltic Cobaltio 

oxide. oxide, sulphide. . 

NiaOs is, however, obtained in the wet way only by the action of 
oxidizing agents, and cannot exist at a high temperature. 

CO3O4, on the other hand, is obtained in the dry way, or on 
gentle ignition of cobaltous salts containing volatile acids, and gives 
up a portion of its oxygen only on strong ignition. 

The same tendency to form a compound in which cobalt exists 
as a tetrad element, is observed on exposing the freshly-precipitated 
hydrate to the air, or on passing chlorine or adding bromine or 
iodine to cobaltous solutions. 

Little use is, however, made of these reactions beyond the con- 
version of CoCya into COaCye* in the presence of potassie cyanide, 
or of CoO into COaOs in i^e potassie nitrite reaction. 

QUESTIONS AND EXEBCISES. 

1. Translate into graphic formulfie the constitutional fonnulfiB of cobalt pyrites^ 

cobalt vitriol, cobalt bloom, cobaltic cyanide. 

2. How are OoO and C03O4 prepared ? 

3. How is Co separated from Ni ? 

4. 2 grms. of an ore containing Ni and Co yield '221 grm. of KiO and '1575 

grm. of O03O4 ; what is the percentage of Ni and Co in the ore ? 

5. Explain the formation of a blue glass when cobalt compounds are heated in a 

borax bead, or a bead of microcosmic salt. 

6. How would you prepare potassie cobalticjanide? 



MANGANESE, Mn", *^, and ^.—Occurs in nature mainly in 
the state of Oxides, of which the mineral pyrohisite, Mn^^Oa, is the 
most important. It is found in small quantities in many iron ores, 
and is a frequent constituent of silicates : the MnO replacing the 
isomorphous bases, FeO, ZnO, MgO, CaO, without altering the 
crystalline structure of the minerals. It exists both in the dyad 
and tetrad condition in manganous and manganic oxides. The 
Anhydrous Oxides known, besides pyrolusite, are: hramniie, 
Mn^^203, Jiausmannite, Mn^O*; the Hydeates are: manganite, 

{MnOHo .7 7 MnOHoi., „ j MnHosTur " 
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'Mn"'01 MnHot 

vicUej ^ Mno" (OMn'^Hot)'', copper mang<m. O Cao". Manga- 

\'Mii'"9J MnHo, 

nese is found in combination with sulphub, in fnanganese blende, 
MnS; with cabbonic acid, bxdiallogite, COMno"; with silica, in red 
manganese or mangan hiesel (rhodonite), SiOMno", and in tepkroUe, 
SiMno^s ; with phosphobic acid, as triplite, PsOMno"sFeo'V 

BXAMINATIOK IN THE DBT WAT. 

The presence of manganese is readily detected in minerals which 
contain no other oxides capable of colouring fluxes, as thej dissolve 
when heated in the outer flame, in the borax bead, or in a bead of 
microcoamic salt, to a clear violet-bed pearl which becomes of a fine 
ametliyst colour on cooling. The b^id becomes eotonrless when 
heated in the reducing flame. If other metallic oxides are present, 
it is preferable to mix a small trace of the finely powdered man- 
ganese compound with two or three times its weight of sodic carbo- 
nate (a little nitre may likewise be added), and to ftise on platinum 
foil (a small platinum spoon or the lid of a platinum crucible) in 
the oxidising flame, when a Miiltli sreen nuus is left after cooling, 
consisting of Mdie mansaaate, MnOiNaoa. The mass at the same 
time loses its transparency. This fobms the most chabacteribtio 
BEAGTiON FOB Manoaksse. Maugauous and manganic oxides are 
converted into a higher oxide, Mn^Os, ^ which Mn exists as a 
hexad. 

examination in the wet WAT. 

All the higher oxides of manganese, when heated with hydro- 
chloric acid, evolve chlorine, and are converted into manganous 
chloride. The chlorine so evolved becomes the measure of the 
amount of MnOi present in a manganese ore. 

We employ A solution op manganous chlobidb, M11CI2 (free 
from Fe). 

SAmt (sronp-i'easeiit) gives a flesh-coloured precipitate of man- 
sanous tulplilile, MnS, readily soluble in dilute acids, even acetic 
acid. Hence the presence of free acetic acid prevents the precipita- 
tion of manganese (method of distinguishing Co and Ni fbom Mn). 
The manganese may be separated by repeating once or twice the 
precipitation of cobalt and nickel in the presence of acetic acid. 

SH2 does not precipitate a neutral solution of a manganous salt ; the acetate 
even is precipitated very slowly and impezfeotly, and not at all when free acetic 
add is present. 

KHo or NaHo gives a white precipitate of mansanoua hydrate, 
MnHos, insoluble in excess. The precipitate absorbs speedily 
oxygen from the air, and turns dark brown with formation of 

I MnOH » ^^^^ 1^ ^0 longer dissolves completely in ammonic 

chloride. 

AmHo precipitates a white hydrate from neutral solutions ; in- 
soluble in excess, or in ammonic carbonate. 
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No precipitate is produced in solutions containing amnionic 
chloride. On exposing an ammoniacal solution of the soluble 
double chloride, 2AmCl,M2lCl2, to the action of the air, the whole 
of the manganese is ^adually precipitated as dark brown dlmaii- 

sanlc dioxydlhydrate, < lurnOHn* ^^ reaction is characteristic for 
manganese compounds. 

AmHo oonTeys in this change oxygen to the manganous salt in a manner 
similar to the action it has upon cobaltous salts, or upon metallic copper, in the 
presence of oxygen or air. 

Ovnns to this tendency of manganous salts to become oxidized and precipi- 
tated in the presence of AmHo, it is all but impossible to separate manganous 
from ferric salts by means of AmCl and AmHo. The reddish brown ferric 

hydrate, which is precipitated, invariably carries down more or less -J jrnOH * 

and tfnall quawtitiet of manganese cannot^ therefore, he separated from iron hy 
precipitation with AmCl and AmHo, 

CONao2 or COK02 precipitates white mansanoiifl earbonate, 
COMno", insoluble in excess of the reagent, but pretty readily 
soluble in ammonic chloride. This precipitate absorbs likewise 
oxygen firom the air, and turns to a dirty brownish white colour, 
owing to the formation of dimanganic dioxydihydrate. On ignition 
with free access of air, the white carbonate turns first black, and 
changes subsequently to brown trimansanle tetroxlde, MnjOi. Ail 
manganese oxides are obtained upon ignition in air in the form of 
MxIsOa. 

KCy giyes a whitish precipitate of manBanoaii cyanide, MnCjs, soluble in 
excess to a brown solution, which is not precipitated by SAmj. 

We have just seen how readily manganous compounds are conyerted, more or 
less completely, into higher oxides, in which manganese acts the part of a tetrad 
element. In the brown hydrated dioxide, obtained when a manganous salt is 
digested with sodic hypocmorite, according to the equation : — 

Mnda + ClNao + 2OH3 » Mn^^OHos + NaCl + 2HC1, 

the manganese existe likewise as a tetrad element. By fusion in the dry way 
with sodic carbonate, alone or together with nitre, the manganous or manganic 
compounds are conyerted into an alkaline manganate, in which the metal man- 
ganese acto the part of a hexad element. Manganic acid itself has neyer been 
isolated. It is obtained, howeyer, in combination with a few of the stronger 
met^c bases, forming manganates, of which the alkaline maziganates only dis- 
solye in water to green solutions. 

MaDganatet are readily decomposed in aqueous solutions. On gently heating 
a solution of potassic manganate with free access of air, the green colour changes 
to purple red, owing to the formation of potassic permanganate,* Mn.^Oe£o2 » 

1 'iS'O fOKoV ^^ separation of hydrated dioxide, thus : — 

SUnOsKos + 3OH2 =» Mn206Ko2 + KnOHos + 4KHo. 



* Permanganic acid has neyer been isolated. It exists only in a few metallic 
salte ct^Ued permanganates ^ which are soluble in water, forming intensely purple- 
red solutions. The salts crystallise from an alkaline solution in beautiful large 
crystals of deep yiolet lustre. 
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The change is acoelented by addinff a few drops of a dilute mineral aoid (0.^., 
nitric, hjdroohloric, or sulpharic acid), which combines with the liberated alkali. 
This reaction is extremely delicate. 

The metal mansanese seems to act here the part of a pseudo-octad element ; 
and it may readily be inferred that the different oxygen atoms perform different 
functions in such a highly o^genised compound, and that the metal manganese 
will part with some more readily than with others. 

Manganic dioxide, as well as other natire peroxides, already enumerated, 
also the alkaline manganates and permanganates, act as powerful oxidisers, 
differing merely in the vUennty of their oxidising actiori. 

Manganic dioxide gires off oxygen on the addition of concentrated sulphuric 
add, ana forms normal manganous sulphate :— > 

(Atomic equation) MnOs + SOsHo» » O + SOsMno'^ + OHj. 

Sulphuric acid added to sodic manganate, gires off a molecule of oxygen, and 
forms manganous and sodic sulphates, thus : — 

MnOsNaos + 2SO]Ho3 » Os + SOsMno' + 80,Naos -f 20Hs. 

Sulphuric acid added to a solution of potassio permanganate, liberates fiye 
atoms of oxygen, and leares manganous and potassic sulphates in the solution, 
thus : — 

(Atomic equation) {2^Q»S|^j + SSOaHo, - O* + 2SO,Mno" 

+ SOsKog + 8OH2. 

Hydrochloric acid acts likewise upon the higher oxides of manganese with 
evolution of chlorine and formation of metallic chlorides and water. The per- 
oxides of manganese, especiall;^ the hlach oxide, constitute the principal substances, 
together with hydrochloric acid, for CTolying chlorine in the laboratory and on a 
manufacturing scale. 

We know of no other mineral oxidizing agent capable of yielding from one 
molecular group of elements fiye atoms of oxygen ; and there are but few elementary 
substances which resist the oxidizing action of potassic permanganate. Hydrogen, 
freshly-ignited carbon, phosphorus, iodine, sulpnuretted hydrogen, carbonic disul- 
phide, are oxidised more or less rapidly. Metals, such as zinc and iron, become 
oxidized after a few days ; lead, copper, mercury and silver after some time. 
Many lower oxides, chlorides, etc., are converted into higher oxides, etc., especially 
in the presence of a free acid (hydrochloric or sulphuric acid). 

Arsenious acid is converted into arsenic acid, sulphurous into sulphuric, 
nitrous into nitric, phosphorous into phosphoric acid. Oxalic acid is oxidised 
into carbonic anhydride and water. Lower, or -ous chlorides, sulphates, etc., are 
converted into the higher or -ic salts, e.ff., ferrous, stannous, antimonious, cuprous, 
and mercurous chlorides are oxidized (" chlorinized ") in the presence of free 
hydrochloric acid into ferric, stannic, antimonic, cupric, and mercuric chlorides ; 
the manganese and potassium of the permanganate are left in solution as chlorides. 
Ferrous, cuprous, and other sulphates are converted in the presence of free 
sulphuric or hydrochloric acid into ferric or cupric sulphates. 

Potassic permanganate oxidizes also uuu^ organic bodies, such as sugar, gum, 
cellulose (in paper, cotton), uric acid, etc. The reaction in all these cases is indi- 
cated by a change of colour. On adding, for instance, the purple coloured per- 
manganate solution to a solution of sulphurous acid, the colour is instantaneously 
destroyed as long as any sulphurous acid is left. Permanganate becomes, there- 
fore, the measure for sidphurous acid, and in like manner for other lower oxides, 
chlorides, etc. 

Sulphurous acid requires one atom of oxygen in order to be converted into 
sulphuric acid, and potassic permanganate can part with five atoms of oxygen. 
One molecule of the oxidizing agent oxidizes, therefore, five molecules of the 
reducing agent, i.e., 316 parts by weight of potassic permanganate become the 
measure for 5 x 64 = 320 parts by weight (n SOj. 
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Two molecoleB of ferrous snlphate combine with one atom of oxygen and one 
molecule of sulphurio acid, to form one molecule of ferric 8ulphate« thus : — 

2BOJ^&o" + O + SO2H03 « SaOeFeso^i -^ OH3. 

Hence one molecule of dipotassic permanganate oxidizes ten molecules of 
SOjFeo'', ten molecules of FeO, or ten atoms of Fe ; and 316 parts by weight 
of Mn^OeKoj become the measure for 

10 X 152 parts by weight of SOaFeo" 
or 10 X 72 „ FeO 

or 10 X 56 n Fe- 

QUESTIONS AND EXERCISES, 

1. Which are the most important manganese ores ? 

2. Which manganese ores can be employed for generating chlorine ? 

3. Explain the action of concentrated SO3H03 upon MnOa, Kn02Kao2 and 

Mn306Ko2 ; and express the changes by equations. 

4. GDranslate into graphic formul® the constitutional formulse of pyrolusitey 

hrtMnite, haiufncmmte, manffanite^ psUomelanef wad, varvicUe, and 
tephroite. 

5. Describe the most characteristic blowpipe reactions for manganese compounds. 

6. How can Mn be separated from Ni and Go ? 

7. How is Mn separated from calcium or from potassium P 

8. What change does a solution of dipotassic manganate undergo when heated 

in contact with air P 

9. 6Kye eyidences of the dyad, tetrad, and hexad nature of manganese. 

10. Give the graphic formulse for disodic manganate and dipotassic perman- 

ganate. 

11. Explain the action of AmHoupon cobaltous andmanganous salts, 1st, in the 

presence of ammonic chloride ; 2nd, in the absence of ammonic salts ; and 
3rd, with free access of air. 

12. State why Mn is separated with difficulty from Fe^^ by means of AmOl and 

AmHo. 
13« What change does OOMno'' undergo upon ignition ? • 

14. By precipitating 2'622 grms. of a manganous salt with sodic carbonate and 
ignition of the precipitate, 1'325 grm. of Vsifi^ is left ; what is the per- 
centage of manganese in the salt 1 
16. What is the action of dipotassic permanganate upon HCl, SHs, BO^ 

I GGK^ ChzsdsjFeClsjSnCls ? Express the changes by equations. 

16. How much sulphurous anhydride bv weight and by volume (at (f C. and 

760 nmi. barometrical pressure) wiU be required to decolorise a solution 
containing '500 grm. of dipotassic permanganate ? 

17. Explain the action of sulphurous anhydride upon manganic dioxide. 

18. '125 grm. of ^potassic permanganate had to be added to a given quantity of 

an acid (SOsHo^) solution of S02Feo'^ Calculate how mudi metallic 
iron the solution contained. 

19. *450 grm. of spathic iron ore, OOFeo'^ when dissolved in hydrochloric acid, 

required '100 grm. of ]ICn20sKo2. What will be the percentage — 1st, of 
carbonate ; 2nd, of metallic iron, contained in the ore r 

20. 1*240 grm. of OO2 was evolved when 1'780 grm. of pyrolunte was treated 

with moderately concentrated SO2H09 and \ noKo* ^^^^^ ^ ^^ P^^^ 

oentage of Mn02 in the ore, and how much chlorine gas by weight and by 
volume can be evolved from 100 grms. of the ore when treated with HCl ? 

ZINC, Zn". — Occurs in nature chiefly as sulphide, or zmc hlende^ 
Hack jack, ZnS ; as carbonate, or cdLamme^ COZno" ; and as 
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SILICATE, or 2imc glance, electric calamine, SiZno^jyOHa, Willemite, 
SiZno"a* ; also as oxide, in red zinc ore^ ZnO. 

BEICTIONS IN THE DRY WAY. 

The most characteristio blowpipe reaction for zino consists in the 
white incrustation of zincic oxide which its compounds yield when 
heated on charcoal in the reducing flame with sodic carbonate. The 
zinc compound is reduced to the metallic state, and the metal being 
volatile, bums on passing through the outer flame, with a bluish 
green flame, and is converted into oxide, which covers the charcoal 
with an incrustation, yellow when hot, white when cold, and which 
assumes a flue sreen colour when treated with a solution of cobaltous 
nitrate, and on being once more strongly heated in the outer flame. 
The incrustation is not driven away in the oxidising flame, — ^zincic 
oxide being non- volatile. 

Zino eompoundB give with borax or microcosmic salt in both flames a bead, 
which IB yellowish while hot, and white on cooling ; opaque if much zinc salt be 
present. This applies, howerer, only to pure zinc oompounds, and the detection 
of zino in poor ores containing other readily oxidizable metals (such as Pb, Cd, 
As, Sb, which giye likewise incrustations), is a matter of great uncertainty. 

Zincic sulphide {unc hletide), when roasted in a tube of hard glass, loses part 
of its sulphur in the form of sulphurous anhydride, and leaves some zincic sulphate, 
SOsZno {white vitriol) , which may be extracted with water. 

Calamine leaves on ignition zincic oxide. 

REACTIONS IN THE WET WAY. 

We employ A solution of Zincic Chloride, ZnCU, or of Zincic 
Sulphate, SOaZno", = SOjCOaZn)". 

SAma (sroup-reaffent) gives a lohite precipitat-e of ztncle 
solplilfle, ZnS, insoluble in excess. From dilute solutions the pre- 
cipitate separates only after some time, more speedily in the presence 
of ammonic chloride. It is readily decomposed by dilute hydro- 
chloric and sulphuric acids, with evolution of sulphuretted hydrogen ; 
also by nitric acid, but is insoluble in acetic acid. 

SHa precipitates zino imperfectly from neutral solutions of zincic 
salts with mineral acids ; but from an acetate or a solution of a zincic 
salt mixed with an alkaline acetate, the whole of the metal is pre- 
cipitated by sulphuretted hydrogen as zincic sulphide, even in the 
presence of much acetic acid (method of separation of Zn from 
Mn). Free organic acids prevent the precipitation. 

KHo or NaHo precipitates the white hydnite, ZnHoa, readily 
soluble in excess, and in Am Ho, reprecipitated almost entirely on 
diluting with water and on boiling, soluble also in ammonic chloride. 
Sulphuretted hydrogen precipitates the whole of the zinc from these 
solutions. Free organic acids prevent the complete precipitation. 
In the presence of the hydrates of manganese, nickel and cobalt, KHo 
or NaHo does not dissolve out the whole of the zincic hydrate. 

CONaos or COK03 produces a white precipitate of liasle ear- 
bonate, consisting of two molecules of zincic carbonate and three 
molecules of zincic hydrate, according to the equation : — 

* If anmann's Elements of Mineralogy. 
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f CHo(OZii"Ho), 
SSOaZno" -f 5CONaoa + 30H, = < Zno" + 5SO,Naoa 

LCHo(OZii"Ho), 

Dihydrio jjbntazmoio 
dioarbonate tetrahydiate. 

+ 3CO2. 

A large excess of ammoiiic salts prevents the precipitation. 

This carbonate leayes on ignition ZnO, also known under the name of zinc 
white, 

OOAmos produces the same precipitate, soluble, howeyer, in excess. 

KC7 gives a white precipitate of zlncic cyanide, ZnCys 1 soluble in excess, 
not reprecipitated by S Am.;, but completely precipitated by SK2 ^ ^"^ (Method 
for the separation of Zn from Ni). 

Zinc precipitates the less electropositiye metals from their solutions, yiz„ As, 
Sb, Sn, Cd, Cu, Fb, Ag, Bi, Hg: and on dissolying impure metallic zinc in dilute 
acids (hydrochloric or sulphuric), these metals do not dissolve, as long as any 
zinc remains undissolved. Hence zinc protects other metals, such as copper, iron 
(galvanized iron), from the oxidizing action of the air. 

Zinc, when placed in contact with platinum, iron, etc., dissolves in alkaline 
solutions in the cold ; when boiled with KHo (NaHo, or even AniHo), it dissolves 
likewise, with evolution of hydrogen and formation of dlpotassle zlnde oxide, 
ZnEos. 

Zinc vapour decomposes OOj at a high temperature, and forms ZnO and 00 ; 
at a lower temperature, ZnO yields its oxygen again to carbon (Method of extract- 
ing metallic zinc from some of its ores). This forms another interesting instance 
of reciprocal chemical action. 

QUESTIONS AND EXERCISES. 

1. Explain the action of HCl, SO3H03, KOjtHo, and KHo upon metallic zinc. 

Express the changes by equations. 

2. Give the names and composition of the most important zinc ores, and translate 

their constitutional into graphic formulsB. 

3. Describe the blowpipe reactions for zinc compounds. 

4. Express by equations the reactions for zinc in the wet way. Give graphic 

formuUs for the basic carbonate and dipotassic zincic oxide. 

5. 1*5 pm. of ciUamine yielded *876 grm. of ZnO, what is the percentage of 

zmc in the ore ? 

6. How is metallic zinc obtained from calamine^ or red zinc ore ? 

7. How has 2SnS to be treated in order to extract from it metaUio zinc ? 

8. How is Zn separated from Mn ? 

9. How can Za be separated from Ni and Co ? 

10. How would you remove the zinc from an alloy of Zn and Cu (brass) ? 

11. How is white vitriol prepared, 1st, from zinc blende, 2nd, from calamine ? 

GKve the composition of the crystallized salt. 

12. You have given to you ealaminef zince blende, hydrochloric acid, water, and 

sodic can>onate. State how you would prepare from these materials zincic 
oxide or zinc white. Express the changes by equatious. 

IRON. Fe",*^ and^. — One of the few metallic elements which 
oocnrs yeiy abundantly in natnre, mostly in the combined state. It 
will suffice if we consider more especially those iron ores which con- 
i»,in the metal in sufficient quantities and which are sufficiently free 
from deleterious substances (such as S, P, As), to render them 
suitable for the extraction of iron hy the usual metallurgical pro- 
cesses. The most important iron ores are :— > 
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Ist. Orbs contiining Ferrous Oxide: — spathic or sparry iron 
ore, COFeo", (apJuieronderite) contoming varying quantities of 
COMno", OOMgo", and COCao"; bUick band or carbonaceous 
irun ore, a sphaerosiderite containing from 20 to 25 per cent, of 
bituminous matter; clay ironstone (likewise a siderite) is, as its 
name indicates, associated with clayey matter. It is from these 
two ores that the greater part of the iron manufactured in this 
country is derived. They occur in immediate proximity to the coal 
measures and limestone beds — the fuel and flux necessary for their 
redaction to the metallic state. 

2Qd. Ores oontiinino Ferrous and Ferric Oxides: viz., 

{P©0 
n.QFeo" (ferrous diferric tetroxide). 

3rd. Ores gontainino Ferric Oxide only : viz,, red hcematite 
{mica,ceou8 iron., oUgisi, specular iron or iron glance), 'Fe"'s08 = 

ji qO (ferric oxide). This oxide forms different hydrates which, 

according to the amount of water which they contain, have received 

{PeOHo 
FeO 
P^qO (tetraferric 
PeOHo 
pentoxy-dihydrate) ; needle iron ore, brown iron ore, or pyrrhosiderite, 

{PoOSo 
FeOHo (^^®"^° dioxy-dihydrate) ; Umonite or 

fPeOHo 
JFeHo, 

compact broton iron ore, brovon hcematite, 2Pea03,30Ha = ; O 

PeHo, 
IPeOHo 

(tetraferric trioxy-hexahydrate) ; (varieties : ooUtic iron ore, pea 

ore) ; yellow iron (yre or xam^thosiderite, Pe303,2OH3 = ^ 51^0 'O 

(diferric oxy-tetrahydrate). 

A few other iron ores deserve our attention. They are not 
used for the extraction of iron, but are valuable as a cheap source 
of sulphur, viz., iron pyrites, martial pyrites, or mundic, PeSi, 
found abundantly in nature ; Pe^Ss (diferric trisulphide) ; copper 

p.aCuas", and magnetic pyrites, SFeSyPOaSs 

= Pe7Se» which may be expressed graphically, thus: — 

S=Fe Fe Fe Fe Fe Fe Fe=S 

! I 

(Pentaferrous diferric octasulphide). 

Besides these ores, iron is found in nature in combination with 

{"As' 
" Ag»Fe,Pe*^Sa ; with chromium 
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( 'Cr"'0 SiO il 

BS chrome vron ore \ ,|^„„i^Feo"; witlisiLiciascArZorqpaZ,SiO = Fe20^, 

I ^' ^ SiO 11 

30H2, and many other silioates; as sqlphate, in green oopperas 
or green vitriol, SOHoaFeo",60H2 ; as phosphate in vivianite* 
Ps02Feo"3,8OH2 (triferrons phosphate), and others ; as arseniate, 
in acorodite, As202Fe2O^,4OH2, and others. 

BEACTIONS IN THE DRY WAY. 

On heating the different iron compounds on charcoal before the 
blowpipe, they turn black and become magnetic ; when heated in 
the out&r flame, on a borax bead, iron compounds impart a dark red 
colour to the borax, whilst hot, becoming llslit yeUow, when cold. 
In the reducing flame thej give an ollye ^reen to liottle ^reen bead. 

The reactions with microcosmio salt are siinilar but less distinct. The pre- 
sence of Co, Cu, Ni, Cr conceals the colour of the iron bead. Ferric sulphides 
and arsenides must be roasted, preyions to being introduced into the borax bead. 
When heated with OONaoj on charcoal, in the reducing flame, metallic iron is 
obtained as a magnetic powder. 

REACTIONS IN THE WET WAY. 

Iron forms two series of salts, viz., ferrous and ferric salts. 
It dissolves readily in dilute acids, such as HCl, S02Ho2, forming 
ferrous salts, PeOl2, S02Feo", with evolution of hydrogen. Cold 
dilute nitric acid dissolves finely divided iron (iron filings) without 
evolving hydrogen gas, the nitric acid being decomposed, so as to 
form ferraus nitrate and a small amount of ammonic nitrate, 
thus :— 

4Fe -f IONO2H0 = 4 1 Nol^eo" -f NOjAmo -f 30H,. 

The metal iron exists in all these salts in the dyad condition, but 
exhibits a marked tendency to pass into the tetrad condition. 
Exposed to the air, FeCU and S02Feo" absorb oxygen and are gra- 
dually converted into ferric salts. The same change is produced by 
the action of various oxidising agents, such as 012, Br2, I2, ClNao, 
KO3CI in the presence of HCl, NO2H0, N02Ago, AuCU, HgClz, 
MB2O6K02, Cr02Ko2, and others. We possess therefore in ferrous 
compounds powerful reducing agents. 

The tetrad condition appears to be the natural state of existence of the metal 
iron. This is rendered eyident, moreoyer, by the limited number of ferrous com- 
pounds which exist in nature. The latter must be yiewed as unsatisfied bodies, 
which, under iavourable conditions, deprive other bodies, directly or indirectly, 
of oxygen, to form ferric compounds. Dyad iron, Fe'' (called ferrosum) has 
two bonds latent, which it is eager to satisfy, so as to become converted into the 
more stable tetrad iron, Fe*^ (oryWrictdfi), in which condition it occurs in nature 
in combination with sulphur only, as FeS2, without forming any corresponding 
oxygen, chlorine, etc., compounds. Two atoms of tetrad iron are invariably 
linked together in ferric oxide, chloride, etc., whereby iron becomes a pseudo- 
triad element. It is possible to combine, by artificial means, three atoms of 

* Contains also ferric phosphate, PsOsFejO^jSOHj, to which the blue colour 
of the mineral is due. 
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oxjgen with one atom of iron, bo as to form ferrates, as in potassio ferrate, 
"FeOfKOf, in whioh compound the iron exists as a hexad element. 

These different combiaing conditions of the metal iron may bo 
represented graphically, thus : — 

Dyad iron — Fe— , e.gf., in PeCl,, PeO, PeS. 

/\ 

Tetrad iron — Fe— , or psendo-triad iron, — Fe— Fe— , e.g,, in 

WnivQ /'P©'"Cl3 f'Pe'"Sa ('Fe"'Or, ^i xi 
^& ba, I 'Pe'"cij, I 'Pe"'S^' \ 'Pe"'0^' ^^ 

Hexad iron — Fe— , or =Fe=, e.g., in Pe^OaKoj. 

yV II 

A. Ferrous compounds. — ^We employ A solution of ferrous 
SULPHATE, SOjFeo", = SOaCOjFe)". 

SAma (sronp-reavent) gives a hldck precipitate of ferrous 
sulphide, PeS, insoluble in alkalies and alkaline sulphides, decom- 
posed by dilute hydrochloric acid with evolution of sulphuretted 
hydrogen. The moist precipitate absorbs oxygen from the air, and 
is rapidly converted into ferrous sulphate, and lastly into yellow 
basic ferric sulphate, with evolution of much heat. (This oxidation 
constitutes a frequent cause of the spontaneous inflammation of 
pyritical coal (which contains P67S8) on board vessels.) 

SHa does not precipitate neutral or acid solutions of ferrous salts ; ferrous 
acetate even is only partially precipitated. 

EHo, NaHo, or AmHo precipitates from ferrous salts (free from 
ferric salts) white ferrous hydrate, PeHoa, which turns rapidly to a 
dirty green colour, and ultimately becomes reddish brown, owing to 
absorption of oxygen from the atmosphere. Ammonic salts par- 
tially prevent the precipitation by the fixed alkalies, and AmHo 
gives but a slight precipitate in a ferrous solution, containing a 
sufficient amount of AmCl. The presence of non-volatile organic 
acids, of sugar, etc., also prevent the precipitation more or less. 

OONaoa, OOKoa, or OOAmoa precipitates white ferrous earlionate, 
COFeo'', which becomes rapidly oxidized when exposed to air. 

KiFeCys (potasslc ferrocyaulde) produces, by the replacement of 
Ka by Fe", a hhdsh-white precipitate of dlpotassle ferrous ferro- 
cyaulde, KaFe'TeOye, thus :— 

SOaFeo" -f KiFeCye = KaFe'TeCye + SOaKoj. 

Bluish-white 
precipitate. 

insoluble in hydrochloric acid. The light blue precipitate is rapidly 
converted into a dark blue precipitate, or Prussian blue, either by 
exposure to the air, or more speedily by an oxidizing agent, thus : — 

D 2 
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4KaEe"FeCye -f 2CI2 = 3FeCy2,2Fe2Cy6 + 4KC1 -f E^YeCje^ 

Prussian blue. 

KsYeiCju (potasslc ferrlcyanlde) produces a da/rh blue precipitate 
of triferrous diferrlc dodecacyanlde, Fe'^s^Fe^'^aCju (TumbiiU'slilue), 

insoluble in hydrochloric acid, thus : — 

3S0aFeo" -f K«FeaCyi2 = Fe"8'Fe"'2Cyia -f 3SO2K02. 

Tumbull's blue. 

NaHo or KTTo decomposes both precipitates with formation of 
soluble alkaline ferro- and ferricyanides, and separation of ferrous 
and ferric hydrates, thus : — 

(1) KaFe'TeCye + 2KHo = K4FeCy6 -f PeHoj. 

(2) 3FeCy2,2Fe2Cy6 + 12NaHo = SNaiFeOye + 2Pe,Ho6. 

(3) FeVFe"'2Cyia + 8NaHo = 2]Sra4FeCy6 + Fe304+4OHa 

These precipitates cannot form, therefore, in an alkaline solution. 
CyKs (potasslc solphocyanate) gives no indication, if the ferrous 
contains no ferric salt. 

B. Ferric compounds. — ^We employ A SOLUTION OF Fbbric Chlo- 
BIDE, ^© aCle, = i 'p«e"'r)l • 

SAm2 (sroup-reasent) produces a black precipitate of ferrous 
sulphide, PeS, mixed with sulphur, thus: — Pe2Cl6 -f 3SAm2 = 2PeS 
4- S -f 6AmCl. Dilute solutions of iron give only a greenish colora- 
tion. 

On dissolving the black precipitate in dilute hydrochloric acid, 
sulphuretted hydrogen is evolveil, and white insoluble sulphur is 
left. (Distinction between ferrous and febbic salts.) Sulphur 
is not capable of forming a ferric sulphide in the wet way ; native 
sulphides exist, however, viz., PeS2 and Pe2S3, which are insoluble 
in dilute hydrochloric acid, but dissolve with evolution of SH2 in 
the presence of metallic zinc. 

SH2 does not precipitate PSaCle; its hydrogen acts as a reducing 
agent upon the ferric salt, converting it into 2FeCl2 and 2HC1, white 
sulphur being precipitated, which renders the solution of the ferrous 
salt milky. 

EJEo, NaHo^ or AmHo precipitates the reddish hrown ferric 

hydrate, Fe303,20H2 = < 'Va'"TT '^> ^^ dlferric oxytetrahydrate, 

insoluble in excess and in ammonic salts (except COAmo2). Non- 
volatile organic bodies (a.^., tartaric or citric acid, sugar, etc.) 
prevent its precipitation by AmHo, but not by SAin2. The pre- 
cipitate retains with great tenacity small portions of the fixed 
alkalies. 

CONaoa, OOK03, and COAmos produce the same precipitate 
with evolution of carbonic anhydride. 

POHoNaoa (hydric dlsodle phosphate) produces a yellowish 
wJdte flocculenUgelati/nous precipitate of ferric phosphate, PaOaFcaO^, 
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+ 4Aq. The precipitation is complete only in the presence of sodic 
or ammonic acetate, thus : — 



JCH, _ 



Pe,Cle + 2POHoNao, + 2 1 qq^^ = PaO,Fe^^ + 

+ 2/°^' 



6NaCl 



On the addition of the first few drops of hydric disodic phosphate, 
and as long as the ferric salt is largely in excess, the precipitate may 
disappear again, especially on gently warming, since it is somewhat 
solnble in ferric acetate. When the precipitation is nearly complete, 
the ferric phosphate separates more speedily, especially on stirring 
and gently heating, and allowing to subside after each addition of 
the phosphate solution. The precipitated ferric phosphate should 
be filtered hot, and washed by decantation with hot water. It is 
soluble in dilute mineral acids — hence the addition of an alkaline 
acetate ; insolable, however, in acetic acid, like the corresponding 
chromic and aluminic phosphates. 

Phosphates of the alkalme earthy metals (Ba, Sr, Ca, Mg), which 
are readily soluble in acetic acid, may thus be separated by filtration 
from the phosphates of Fe*^, Al*^, and Cr*^. Owing to this pro- 
perty of ferric phosphate, it is also possible to decompose alkaline 
earthy phosphates, in a sodic acetate and acetic acid solution, by 
adding, drop by drop, a neutral solution of ferric chloride, according 
to the equation : — 

2POHoBao" + 2 {g^^ + {g^^^ + Fe,Cle = T,O^Fe,o^ 

-f 2BaCl, + 2NaCl + 3 1 g^^^, 

as long as a yellowish white precipitate comes down, and till the 
supernatant liquid becomes just red, from the formation of ferric 
acetate. 

Ferric phosphate dissolyes in excess of hydric disodic phosphate, 
in the presence of ammonic hydrate or carbonate, to a brownish-red 
solution. It is somewhat soluble in ferric, but not in ferrous acetate. 
Alkalies decompose it with difficulty only. Ammonic hydrate reduces 
it to a basic phosphate (P40(Fe206)^Fe20^2 -f 16aq.). Potassic or 
sodic hydrate removes nearly the whole of the acid. Fusion with 
caustic fixed alkalies, or with fasion-mixture, or boiling with ammonic 
sulphide, decomposes ferric phosphate completely, leaving the iron 
as oxide or sulphide, from which the soluble alkaline phosphate can 
be separated readily by filtration. 

Citric or tartaric acid prevents the precipitation of ferric phos- 
phate. 

KiFeCya gives B,fine blue precipitate, 3FeCy2,2Fe2Cy6, known as 
Frastlan blue, thus :--2Pe2Cl« + 3K4FeCy« = 3FeCy2,2Fe,Cy6 + 
12KCi. Insoluble in hydrochloric acid ; decomposed by KHo or 
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NaHo ; soluble in oisalic acid ; soluble also in excess of KiFeCjsj to 
a blue solution. 

KsFezCju produces no precipitate, but the yellow colour of the 
ferric solution changes to reddish brown, (Distinction between 

FEBEOUS AND FERRIC SALTS.) 

CjKa (potasslc Bolphocyanate) gives a da/rh red or blood red 
colour, even in the case of very dilute solutions, which is not 
destroyed by hydrochloric acid. The sensitiveness of the reaction 
is heightened by shaking a hydrochloric acid solution containing 
mere traces of a ferric salt with ether. The blood red ferrie solpho- 
cyanate, CyeFcaS^, being soluble in ether, becomes thus concentrated 
into a small bulk of liquid. The colour of the liquid is readily 
destroyed by a solution of mercuric chloride (also by tartaric or 
phosphoric acid). (Distinction op Fe" prom Fe*^.) 

This confinnatorj teBt should inyariably be applied, because ferric acetate, 
when heated in presenoo of acetic acid, gives likewise a deep red coloration, 
which becomes lighter coloured on cooling. 

Excess of Bodic acetate, added to a solution of a ferric salt, pi*o- 
duces a deep red-coloured liquid, owing to the formation of ferric 
acetate. On diluting and boiling, the whole of the iron is preci- 
pitated as basic ferric acetate in the form of brownisJi yellow flakes^ 
which should be filtered hot, and as quickly as possible, as soon as 
the fluid has become clear. (Method for separating Fe*^ from Mn*.) 

Ammonie succinate or benzoate precipitates ferric, but not ferrous salts, 
as ferric succinate or benzoate.* The ferric solution should be perfectly 
neutral. Salts of PeO, ICnO, CoO, NiO, ZnO are not precipitated. (Method 
or SEPAEATION OP Fe*^ pbom Fe", Mn, Ni, Co, Zn.) 

Freshly precipitated and well washed baric or calcic carbonate, 

suspended in water, precipitates ferric (not ferrous) chloride, as 
ferrie hydrate, FOsHoe, mixed with basic salt, with evolution of 
carbonic anhydride. The reagent is added to the neutral ferric salt 
in the cold, and well shaken up with it, till the reddish brown pre- 
cipitate acquires a whitish appearance, from excess of the alkaline 
eidhj carbonate. 

GOBao" separates in like manner the higher or -ic chlorides of 
this group jfrom the lower or -ous chlorides. In order to separate 
ferric from ferrous compounds, or ferric (chromic and aluminic 
compounds) from ferrous, zincio, manganous, oobaltous, and nickelous 
salts, it is necessary that these metals should all be obtained in the 
form of chlorides, when, on the addition of baric carbonate, the 
respectiye hydrates, mixed with basic salts, are precipitated from 
the ferric, etc., chlorides, whilst ferrous chloride and the chlorides 
of Zn, Mn, Ni, and Co, are not affected. Air has to be excluded as 
carefully as possible, in order to prevent the oxidation of the ferrous, 
manganous, and cobaltous oxides ; and the reaction should be x)er- 
formed in a small flask, filled nearly to the neck with the liquid, and 
kept well stoppered, after the evolution of the carbonic anhydride 

* The formulte of these compounds will be explained under the respective 
acids. 
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has ceased. The addition of amnionic chloHde, previons to tho 
precipitation with baric carbonate, almost entirely prevents any 
cobaltons and nickelons hydrates from falling ont with the baric 
carbonate precipitate. (Method fob SEPABATina Fe*^, (also Al and 
Cb), from Fb", Zn", Mn", Ni", and Co".) 

The precipitate is filtered off and dissolved in hydrochloric acid ; 
the barinm is removed by means of dilnte snlphnric add, and the 
iron, etc., precipitated by Am Ho. 

Tumle aa well as yallle add (tincture of nut-galls) produces from neutral 
ferrio salts a bluish hlctch precipitate (ink), readilj soluble in acids. 

A yei^ delioate reaction for Fe*^ consists in adding a few cbiops of a solution 
of potassic ferricjanide to a dilute solution of a ferrio salt, and next a few drops 
of a yeiy dilute solution of stannous chloride, SnCls* A blue precipitate inoi- 
cates the presence of iron, thus : — • 

(1) FeaCle + TS^^^fijm gi^6s no precipitate, but merely a dark brown 

coloration. 

(2) FejCls + SnClf - 2FeCl3 + SnCl^. 

(3) SFeCla + T^^efijn « Fe^aFejC/js + 6Ka. 

TumbuU's blue. 

A ferric salt when coming in contact with certain bodies (especially bodies con- 
taining some latent bonds) which possess a stronger affinity mr oxygen, chlorine, 
etc., than the ferric compound, acts towards such bodies as an oxldlzlnv a^nt. 
Thus G^^OHos is conyerted into S^^OsHos ; KI giyes oif iodine ; Sn'^Cl] is con- 
yerted into Sn*^Gl4 ; SSONaos (sodic hyposulphite) is oxidized to SOjHoNao. 
Iron or zinc readily reduce ferric to ferrous salts. 

C. Ferric anhydride, Fe^^Os, <^ ferric acid, Fe^^OaHos, containing hexad 
iron, has neyer been obtained in an uncombined state. The alkali salts only are 
known and are obtained, like the alkaline manganates, by fusing iron filings with 
nitre. Ferrates are decomposed far more readily than manganates. 

QUESTIONS AND EXERCISES. 

1. Mention compounds illustratiye of the dyad, tetrad, and hexad nature of 

iron. 

2. Enumerate some of the most important iron ores used for the extraction of 

iron in this coimtry. Giye constitutional and eraphic formulie. 

3. Which are the more important sulphides of iron r Giye constitutional and 

graphic formula). 

4. Giye the graphic formulie of chloroptU^ chrome iron ore, ^een copperas, and 

vivianite. 

5. How is iron detected in the diy way ? 

6. What takes place when iron is dissolyed in HCl, in SO3H02, or in dilute 

NO2H0 ? 

7. Explain the change which takes place when FeCl2 is seyerally acted upon 

by atmospheric air, by chlorine, KO3GI and HCl, KO3H0, HgCl^, 
AUCI3, and by "Mufi^Os and HCl. Express the changes by equa- 
tions. 

8. Giye graphic formulse for ferric chloride, ferric hydrate, ferrous sulphide, 

dipotassic ferrate. 

9. Explain the action of SHj and SAmsupon ferric salts, 1st, in acid solutions ; 

2nd, in neutral or alkaline solutions. 

10. How does E4FeCy6 and KsFe2Cyi2 enable us to distinguish between ferrous 

and ferric salts ? 

11. State why KgFeaCyij, in the presence of SnCl2, produces a blue precipitate 

with ferric salts. 
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12. Explain the action of CjKs upon ferrous and ferric salts. 

13. Explain the action, 1st of | qoHo' ^^' °* ^iHo, 3rd, of K4FeCy6 iipon 

Prussian blue. 

14. What change is produced when FejClfi is brought together, 1st, with SO^, 

2nd, with SnCla ? 

15. Explain the action of metallic iron or metallic zinc upon SsOeFejO^. 

16. How would you prepare dipotassic ferrate? Explain the action, 1st, of 

water ; 2nd, of HCl upon it. 

17. How much hydrogen gas by weight and Yolume (at 0° C. and 760 mm.) is 

obtained when 10 grms. of metallic iron are dissolved in dilute hydro- 
chloric aeid ? 

18. How much sulphurous anhydride gas by weight and by volume is required 

to reduce 1*324 grm. of ferric sulphate to ferrous sulphate ? 

19. Describe the properties of ferric phosphate. State why an alkaline acetate 

has to be added, preyious to precipitation with hydric disodic phosphate, 
and explain the decomposition of the phosphates of the alkaline earths by 
means of ferric chloride in an acetic solution. 

20. The yalue of a ton of Sicilian sulphur (containing 94 per cent, of S) is £5, 

that of a ton of iron pyrites^ FeSs, containing 46*5 per cent, of sulphur, 
£1 10s. 6d. Ascertain which can be more profitably worked in the manu- 
facture of sulphuric acid, haying regard merely to the respective sources of 
sulphur. 

21. How much metallic iron is required to manufacture one ton of crystallised 

green vitriol ? 

22. '432 grm. of brown hamatite ore gave '350 grm. of Te^Oz- What is the 

percentage of metallic iron in the ore, and what the percentage of hroum 
hcematite present ? 

23. How is £'6203 separated from FeO ? Describe two methods. 

24. How would you separate iPegOa from Zn", Mn", Ni", and Co" ? 

25. Why is it preferred to precipitate FesCls by means • of AmHo, instead of 

KHo? 



{ 



CHROMIUM^ Cr", *^ and ^^— This element is comparatively 
rare. It occurs in nature chiefly as chrome iron ore, Cr203,FeO = 

Q qFco", and croooisite, Cr02Pbo". Chromic oxide constitutes 

the colouring mattiCr in ruby, green serpentine, etc. 

REACTIONS IN THE DRY WAY. 

Chromium compounds are readily recognized by the very charac- 
teristic ffrecn colour which the oxide imparts to horax and micro- 
cosmic salt, especially in the reducing flame. Finely powdered 
chrome iron ore, when fosed in a platinum spoon or crucible with 
four times its weight of hydric potassic sulphate, and then with the 
addition of an equal bulk of nitre and C0Ko2 (equally mixeid), yields 
a yellow mass of potassic chromate, Cr02Ko2, which is soluble in 
water. 

REACTIONS IN THE WET WAY. 

Chromic salts can be prepared from the yellow Cr02Ko2, or the 
red dipotassic diqhromate, Cr205Ko2, by heating with dilute hydro- 
chloric acid and adding alcohol, drop by drop, when the yellow 

f 'Cr"'Cli 
solution changes to a deep green solution of CrgCU = < 'Cr"'Cl ' 

in which the Cr exist« as a tetrad element. 
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A lot^er chloride, CrClg, has been prepared in which Or acts as a dyad element ; 
but as it has to be carefully kept from the air to preyent its becoming rapidly 
oxidised, and as it is of no real practical use, a passing notice of it will suffice. 

Chromium is capable of forming three serieB of componnds* 

Chromous compounds Chromic compounds Chromates 

* ooutainlng dyad Cr. containing tetnd Or. containing hezad Cr. 

Cr"Cla. 'Cr'",Cl«. CriOjKo,. 

Or"0. 'Or"',0,. Or^OaPbo". 

Or"Ho,. 'Or'",Hoe. 

of which we purpose stadjing only the two latter. 

A. Cliroiiile CompoimdB. — ^We emploj a solution of Chbomic 
Chloride, OraC1«. 

SAm2 (sroup-remsent) precipitates bluish green ehr«Bite hjtfmtC) 

OrsHos, insolnUe in excess. 

AmHo precipitates the hydrate, somewhat soluble in excess, the 
fluid acquiring a pink tint. The precipitation is complete on 
boi ling. 

KHo or NaHo, same precipitate, readily soluble in excess to a 
green solution ; reprecipitated by long-continued boiling or on 
adding Am CI, whereby the fixed alkali is removed as KCl or NaCl 
with substitution of AmHo. 

CONaoa and COAmos give greenish precipitates of basic car- 
bonates (varying in composition), somewhat soluble in excess. 

POHoNaoa (bydrlc dlsodle phosphate) precipitates green 
ehromle phosphate, PaO^CraO^, soluble in mineral acids, insoluble 
in acetic acid. 

OOBao" precipitates basic carbonate. The precipitation takes 
place in the cold, but is completed only after long digestion. 

In the presence of citric, tartaric, and oxalic acid, also of sugar, 
the precipitation of chromic salts by means of ammonia, sodic, or 
baric carbonate is more or less incomplete. 

Chromic compounds may be recognised also by converting the 
chromic oxide into chromic acid. This may be accomplished : — 

1st. By boiling a solution of CraCl^ with PbOa and KHo or 
NaHo. The reaction which takes place, and which is indicated 
by a change of colour (from green to yellow), may be expressed 
thus : — 

(1) CraCle + 6KH0 = Cr,Ho6 -f 6KC1. 

Soluble in 
excess of KHo. 

(2) CraHoe + SPbOa = 2CrOaPbo" -h PbO -f 30Hj. 

Soluble in Soluble in 
KHo. KHo. 

* The intermediftte oxides, OraOajCrO = 'j ^ 0^*^°" (chromous dichromic 
tetroxide), and OrOa (chromic dioxide) cannot be considered here. 
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On acidulating the solution with acetic acid, a precipitate of 
plumbic chromate, Cr02pbo" is obtained. 

2nd. By boiling a solution of CrjCU with NaHo and sodic hypo- 
chlorite, ClNao, thus : — 

CrjHoe + SClNao -f ^NaHo = 2Cr02Naoa + 3NaCl -f SOHj. 

Yellow sodio 
chromate* 

3rd. By fusion with alkaline carbonates and nitre (or, better 
still, with potassic chlorate), on platinum foil. 

B. Cbromlc anhydride, Cr^03.-^Ghromic acid, OrOsHoji, obm* 
bines with KTTo to form two salts, the normal, or yellow chromatey 

I CrOaKo 
CrOsKo2, and the ora/nge red dichromatey< f isomorphous 

[CrOaKo 
with the corresponding sulphate and disulphate. A solution of the 
neutral (yellow) chromate is changed to an orange red (acid) dichro- 
mate solution on boiling with nitric acid, one half of the alkaline 
base being removed in the form of potassic nitrate. The two salts 
are separated by crystallisation. 

The anhydride may be prepared by slowly adding to a cold satniated solution 
of the red dipotassic dichromate li times its bulk oi concentrated sulphuric acid, 
and allowing it to cool slowly. CrOg crystallises out in brilliant crimson red 
prisms. The mother-Hquor is poured off, and the crystals placed to drain upon a 
porous tile or slab of unglazed porcelain (biscuit) and kept covered with a bell- 
jar. They must be preserved in a well-stoppered bottle. 

Chromic anhydride is one of the most powerful oxidizing agents 
known. Two molecules of CrOs yield upon ignition chromic oxide 
and three atoms of oxygen, according to the equation : — 

2Cr03 = OrjOs -f O3. 

The metal chromium appears to exist in nature mostly in the tetrad and 
hexad state, as a glance at its natural compounds will show. Chromium differs, 
however, in a marked manner from iron and manganese, which can likewise exist in 
the tetrad and hexad state, by forming more stable hexad compounds (chromates), 
whilst in perchromio acid, on the other hand, the metal chromium appears to 
hold the oxygen less firmly than manganese holds it in permanganic acid. 

Reactions of CrOa based upon its Oxidizing Action. 

A SOLUTION OF dipotassic DICHROMATE, Cr206Eo2, may be em- 
ployed. 

SH3, in the presence of free hydrochloric acid, reduces the orange 
red solution to a green liquid, sulphur only being precipitated, 
thus : — 

CrjOjKoj + 8HC1 -f 3SHa = Cr,Cl6 + 2KC1 + 7OH2 -f S3. 

SAm2, added in excess to a solution of an alkaline chromate or 
dichromate, precipitates dirty green hydrated ehroaile ebromate. 
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On boiling, the whole of the chromiam separates as greeri chroiule 
hydrate, thns : — 

CraCKoa + 3SAin« -f 70H, = OrjHo. 4-8, + 2KHo + GAmHo, 

In the one case tlie Ha of the SHa acted as the reducing agent; 
in the other the (NHi)) of the SAnis. 

SOHos, in the presence of a little free SOfHos, reduces the 
dichromate to chronuc sulphate, thus : — 

CraOeKoa + 88OH0, + 80,Ho, =: SaOeCraO^ + SOaEo, + 4OH3. 

Chromic sulphate and potassic sulphate constitute potassium 

8O2K0-, 

SO ^ J 
chrome alum, or (dipotassic chromic tetrasulphatd) qq^ CVaO^. 

soIioJ 

{COTTn 
COHo (^^'"'^^ *^^)i ^ ^^® presence of free acid (dilute 

sulphuric acid), produces the same reaction, carbonic anhydride 
being evolved. Six molecules of CO3 become the measure for one 
molecule of dipotassic dichromate. Tartaric and citric acid act in 
like manner. 

SOjKot 

CTaOfiKo, + 3 |§3io ■*" ^SOaHo, = |o§^20^ + 600a + 70Ha. 

SOaHoa (concentrated) reduces the dichromate, on the applica- 
tion of heat, with evolution of oxygen and formation of potassium 
chrome fdum, thus : — 



OrO,Ko SOafej 



i 



HCl (concentrated) evolves chlorine, and the hydrogen combines 
with the three available atoms of oxygen in the dichromate thus : — 



r OrOaKo 
O + 14HC1 = OraCl« + 2KC1 + 70H, -f 3Cla. 

CrOaKo 






ASaOa (in a hydrochloric acid solution) is converted into 
AsOHos, thus : — 



{ 



CrOaKo 

O -f 3A8Hos -f 8HC1 = OraCl« + 2KC1 -f AsOHoa 

CrOaKo -f 40Ha. 



SnCla, SbCls, FeCla, Zn (Pe, Sn, etc.) in the presence of dilute HCl 
reduce likewise chromates or dichromates. 
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Reactions for CrOs pboduced by Double Decomposition. 

Chromates of the alkalies and alkaline earthy bases (with the 
exception of baric chromate), also of iron (Fe*^), zinc, manganese, 
and copper, are soluble in water ; all other chromates are insoluble, 
bat dissolve readily in dilnfce nitric acid. 

BaCU, added to a solution of a normal chromate (or dichromate), 

gives a ligld lemon yellow precipitate of baric chromate, CrOsBao", 

even in very dilute solutions ; insoluble in acetic acid, readily soluble 

in nitric or hydrochluric acid, and reprecipitated by AmHo. 

CHj 

CO 

£^r^Pbo" (plumbic acetate) gives a fine lemon yeUow precipi- 

_ CHs 

tate of plumbic chromate, Cr02pbo", soluble in KHo, sparingly 
soluble in dilute nitric, insoluble in acetic acid. The neutral salt is 
converted upon digestion with alkalies into a basic red chromate, 
CrO(Pb02)^'Pbo". 

NOsAgo (arircntlc nitrate) gives a da/rh pv/rple red precipitate of 
arscntlc chromate, CrOjAgOa, soluble in nitric acid and ammonia. 

r CrO^A.go 
From weak acid solutions argentic dichromate, < O , is pre- 

[CrOjAgo 

dpitated. 

NO 

^^^Hgao" (mercurous nitrate) gives a dark irick red basic 

precipitate of Cr0(Hg202)"Hg8O*, which on ignition is converted 
into oxygen, mercury, and finely divided green GrsOs. (Method 
OF separating Chromic Acid from Chromic Oxide.) 

On bringing together a little chromic acid with hydric peroxide, OsHj, in an 
aqneons solution, a deep indigo-blue solution is produced, owing probably to the 
formation of pebchbomic acid, in which compound chromium plays the part of 
a pseudo-octad element, analogous to manganese in permanganic acid. 

A solution of perchromic acid decomposes, howeyer, rapidly with evolution of 
oxygen, leaving CrO^Hos, and its constitution is yet doubtful. A solution in ether 
is far more stable than an aqueous solution. It is obtained by adding ether to a 
very dilute (acid) solution of O2H3, and then a drop of a dilute solution of a 
chromate. On shaking up gently the ether takes up the whole of the perchromic 
acid, and acquires an intensely blue colour. Mere traces of CrOs can be dis- 
covered in this manner, or vice versd the smallest quantities of O3H2. 

QUESTIONS AND EXERCISES. 

1. Which is the most important chromium ore ? Give symbolic and graphic 

formulae. 

2. ilow is chromium detected in the dry way P 

3. What analogy exists there between chrome iron ore and chromous dichromic 

tetroxide ? 

4. Describe how chromic chloride or sulphate is obtained from an alkaline 

chromate. 

5. Give symbolic and graphic formulae for dipotassic chromate and dichromate, 

and trace their analogy with the corresponding sidphates. 

6. Describe the reactions by double decomposition which you can produce with 

chromic compounds. Give equations. 
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7. How can ohromic oompounds be conyerted in the wet way into ohromatee ? 

GKye instanoee, and express the changes bj equations. 

8. How is chromic anhydride prepared ? 

9. GKye instances of the oxidizing action of chromic acid. Express the changes 

by symbolic equations. 

10. What is the composition of potassium chrome alum P State shortly by what 

processes it is prepared m>m chrome iron ore. 

11. You haye giyen to you oxalic, hydrochloric, and concentrated sulphuric adds, 

dipotassic dichromate and water. State how you would prepare OOj, O, 
or CI gas from these materials, and express the changes by equations. 

12. What is the action of nascent hydrogen upon alkaline chromates P Qiye 

seyeral instances, and express tne changes by equations. 

13. Describe some of the most characteristic reactions for chromic acid produced 

by double decomposition. GKye equations. 

14. How would you distmguish between ohromic oxide and chromic acid occur- 

ring in one and the same solution P 

15. Which chromates are soluble and which are insoluble in water P 

16. What eyidenoe is there for the existence of perchromic acid P 

17. How can we test for mere traces of hydric peroxide P 

18. Calculate the percentage composition of potassium chrome alum containing 

24 molecules of water of crystallisation. 

19. How can Or be separated from eyery other metal of G-roup III, except Bin P 

20. How can OrsOs be separated from Fe'', Zn", Mn'', Ni'', Co'' salts P 

21. 1*600 grm. of chrome iron ore yielded 2'95 grms. of OrOjFbo''. What per- 

centage of Cr does the ore contain, and how much dipotassic dichromate 
can be manu&ctured from one ton of the ore P 

22. 1*2 grm. of a sample of sodic chromate yielded with oxalic acid *89 ^rm. of car- 

lK>nic anhydriae. What percentage of chromic anhydride did it contain P 



ALUMINIXTM, Al" and i"".— One of the metallic elements which 
occurs most abundantly in nature, both in the form of the oxide, and, 
as an important constituent of many minerals, in combination with 
SILICA, with SULPHURIC, PHOSPHORIC, and other acids ; and in the form 
of FLUORIDE in cryolite^ and the rare topaz. For a list of some of the 
more interesting aluminic compounds the student is referred to 
Frankland's "Lecture Notes," page 179. 

BBACTIONS IN THE DBT WIT. 

Alumina, when heated on charcoal, is distinguished from other 
earths by its property of assuming a beautiful sky blue colour, 
a^r being moistened with a solution of cobaltous nitrate and ignited 
once more strongly, owing to its forming with the cobalt oxide a 
quasi-salt — cobaltous aluminate. This test is not always decisive, 
and becomes inapplicable when coloured oxides, such as FOjOs, 
MnO, <fec., are present, in which case recourse must be bad to the 
examination in the wet way, in order to discover AI2OS. 

reactions IN THE WET WAT. 

We employ A solution of ammonium alum, S408Amo2Al30^ = 
S408(OAm52(06Ala)^, in which Al plays the part of a tetrad (pseudo- 

{'A1"'C1 
'A1"V\' 
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SAm2 gives a white gelatinous precipitate of ttlnmlnlc hydrate, 
AI2H06, sulphuretted liyi-ogen being evolved, thus : — 

SAOeAmoaAlaO^ -h 3SAma + 6OH2 = AUHos + 4SOaAmo2 

+ 3SHa. 

KHo or NaHo* precipitates the hydrate, readilj soluble in 
excess, reprecipitated by excess of Am CI, or by AmHo, s^Pber neutrali- 
sation of the alkaU by hydrochloric acid. The alkaline solution is 
not precipitated by SAma (method of separation of Al from Fe*^). 

AmHo precipitates the hydrate, somewhat soluble in excess, in- 
soluble in the presence of much ammonic chloride, and on boiling. 

OOI9'ao2 or COAmoj precipitates haste earhonate of uncertaiii com- 
position. 

COBao" completely, but slowly, precipitates Al^Hoe, mixed with 
hasle salt, even in the cold. Carbonic anhydride escapes. 

POHoNaoa gives a bulky white precipitate of alnmiiilc phosphate, 
PjOaAlfO^*, insoluble in AmHo and AmCl ; soluble in KHo or NaHo, 
like the hydrate (AmCl reprecipitates the phosphate from the soda 
solution), and in acids, but not in hot acetic acid (Distinction of 
AlaOs PROM Aluminic Phosphate). Alkaline acetates precipitate 
PaOaAlaO^ from its solution in mineral acids. The presence of 
citric acid, but not of tartaric acid or of sugar, prevents its precipi- 
tation. 

In order to decompose aluminic phosphate (e.g.f in the mineral toavellite, 
P40(Al30fi)^*Al20^*3,120H2), it is best to fuse the finely powdered mineral with li 
port of finely divided SiOo and 6 parts of OONaoj, in a platinum crucible, for 
about half an hour. The mass is digested for some time with water, and 
OOHoAmo added in excess ; it is then filtered and washed. The residue consists 
of aluminic and sodic silicate, the solution contains the sodic phospliate. 
DlBSolye the residue in dilute hydrochloric acid, and evaporate to dryness to 
separate the silica, and filter. The filtrate may be tested for Al in the usual way. 

Alumina occurs mostly in minerals which are not soluble in 
acids. Boiling with concentrated sulphuric acid attacks many ; all 
are, however, decomposed by fusion with S02HoKo, or with fusion 
mixture, and become readily soluble in water or in dilute hydro- 
chloric add. 

Powder up some porcelain very finely, and fuse for half an hour in a platinum 
crucible, with four times its weight of fusion mixtiure. Extract with water. 
Transfer both the soluble and insoluble portion — consisting of alkaline aluminate — 
to a porcelain dish, acidulate with hydrochloric acid, and evaporate to dryness. 
Take up with a few ^ps of concentrated hydrochloric acid and hot water, and 
filter ; wash the insoluble SiO^ well with hot water. The filtrate contains the 
aluminium as AljCSle, from which it can be precipitated as usuaL 

Aluminic silicate is often found in nature associated with potassic 
or sodic silicate, as in felspar (dipotassic aluminic hexasiHcate), 

* Potassic or sodic hydrate is mostly contaminated with alumina, derived 
during the manufacture from porcelain vessels, etc., and it is, therefore, absolutely 
necessary to employ pure NaHo (prepared from sodium) for the Be|>aretion of 
Fe and AL It must likewise be recollected that NaHo acts destructively upon 
porcelain and glass vessels; the precipitate should, therefore, not be heated 
longer than is necessary for its complete precipitation. 
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SiiOBKojAl'iO^, and alblte^ SieOgNaoaAUo^. Ll order to test for 
potassiam. and sodium, alkali salts most, of course, be carefallj 
avoided. This can be done by making use of hydrofluoric acid. 

Introduce a small quantity of finely powdered /0^ar into a platinum crucible 
or dish ; treat with liquid hydrofluoric acid, and evaporate at a gentle heat in a 
closet which is connected with the chimney. HF attacks the SiO^, forming 
silicic fluoride, SiF4 — a volatile compound — and leaves the aluminium and 
potaesium behmd-as fluorides readily soluble in dilute hydrochloric acid :~- 

SlfOgKosAlsO^* + 32HF - 6SiF4 + 2EF + Al^F, + leOH*. 

The decomposition is generally only completed after two or three evaporations 
with HF. 

QUESTIONS AND EXERCISES. 

!• Enumerate some of the more important aluminium minerals ; give constitu- 
tional and graphic formuls. 

2. How is AI2OS detected in the dry way ? 

3. Q-ive equations for the reactions of aluminium in the wet way. 

4. How is waveUUe examined for alumina P 

5. How can insoluble aluminium minerals be rendered soluble in water or 

acids? 

6. Explain the action of HF upon felspar and albite. 

7. How can AI2O1 be separated from FesOs ? 

8. How VI Al^Og separated from Fe'', Zn*\ Mn'', Ni'', Co'' compounds ? 

9. Calculate the percentage composition oi felspar. 
10. How can Al^O^ be distinguished from PjOjAljo^^ ? 



The separation of the metals of Orov>p III is surrounded by some 
difficulties, on account of the unavoidable complication which arises 
from the possibly simultaneous precipitation of — 

1st. Sulphides, viz., NIS, CoS, MnS, ZnS, FeS. 
2nd. Hydrates, viz., CraHoe, AlsHo«, and 
3rd. Phosphates of Cr, Al, Ba, Sr, Ca, Mg, 

and it is therefore well always to ascertain, by a special experiment, 
whether phosphoric acid, in combination with the above metals, is 
present or not in the solution under examination. 

This can readily bo done by adding Am CI, AmHo, and SAmj 
to a small portion of a solution of metals of this group (or to the 
filtrate from Group II). On dissolving the precipitate which these 
reagents produce in a little concentrated nitric acid, and adding a 
solution of ammonic molybdate,* a yellow precipitate is obtained 
(especially on digesting for some time at a gentle heat), showing 
the presence of phosphoric acid. K no precipitate is obtained, the 
solution need only be examined for Ni, Co, Mn, Zn, Fe, Al, and Cr. 

I. Pliospliortc acid Is absent. — ^This is sufficiently indicated if 
the original substance dissolved readily in water. If insoluble in 
water, but soluble in dilute acids, phosphoric acid may likewise be 
absent from the substance, but not necessarily so. 

* For the preparation of this reagent see Appendix. 
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It would appear at first sight tliat the deportment of the fire sulphides and 
two hydrates with ammonio chloride and amnionic hydrate, sodic or potassio 
hydrate, or dilute acids {e.g.f HCl), would enable us to separate the members 
01 this group, or seyeral of them, from each other. We have seen, for example, 
that— 

1st. Nii COf Mfif Zn are not precipitated hyAmHo from a eolution containing 
large excess of AmCl ; whilst FejHofi, OrjHoe, and AlgHog ore precipitated. 
It has, howeyer, been found that the mode of separation based upon this solyent 
property of ammonic chloride, giyes but imperfect results, since the Fe^Hos 
carries down yarying quantities of other oxides, especially on exposure of the 
solution to the air, when higher oxides of manganese and cobalt are formed, 
which are not soluble in ammonic chloride. Small quantities of Ni, Co, Mn, and 
Zn are thus frequently oyerlooked altogether. It is only by redissolying the 
precipitate and reprecipitating seyeral times oyer with AmCl and AmHo, as long 
as the ammoniacal filtrate giyes a precipitate with sulphuretted hydrogen, that 
iron can be separated from manganese, etc., in this manner. 

With these precautions, howeyer, it is mostly possible to separate the metals 
of this group from each other by first precipitating ferric, chromic, and aluminio 
hydrates by means of AmCl and AmHo, and then, from the filtrate, the sulphides 
of Ni, Co, Mn, and Zn by means of SHs or SAm2 ; and the following method 
of separation may be consulted with adyantase by beginners, as well as the more 
accurate, but more tedious one, of separation oy OOBao'' (see Table, p. 50). 

2nd. That Zn, Al, and Cr are precipitated by KHo or NaHo^ hut are soluble 
in excess^ whilst the other metallic hydrates are insoluble. From this it would 
appear that these three metals can be separated by means of the fixed alkaline 
hydrates. But it has been found that FesHoe, KiHoa, OoHoj, MnHos carry 
down appreciable quantities of ZSnHoa luid — ^more espeoiaUy the FeaHog precipi- 
tate — of OrjHos, and that a complete separation cannot be effected by precipita- 
tion with KHo or NaHo. 

3rd. Cold dilute hydrochloric add does not dissolve OoS or KiS to any great 
extent, but dissolves the other sulphides and hydrates. This method, if practised 
with care, giyes good results, small traces only of CoS and KiS behig generally 
dissolyed out. Sut as it leayes the iron, aluminium, and chromium still to be 
separated from manganese and zinc, no saying of labour is efiected thereby in the 
separation of these seyen metals. 

In finely divided freshly predjpitated barle carbonate, COBao", 
we possess a reagent which separates the lower oosides, viz., ZnO, MnO, 
NiO, CoO (this latter not quite so perfectly, except in the presence 
of ranch ammonic chloride), from the higher oxides, viz., Pe203, 
AlgOs, and CraOs. The metals should be first obtained as chlo- 
rides. 

The examination of the precipitate produced by COBao" is based 
upon — 

1st. The solubUity of AlsHos in NaHo. 

2nd. The conversion of CfiOs into CrOa hy fusion with sodic car^ 
honate and nitre, or hy boiling with OlNao, or with PbOs in wn 
dlkaUne solution. 

The examination of the filtrate is based upon — 

1st. The soluhiUty of ZnHo2 in sodic hydrate, 
2nd. „ MnS vn ascetic a^cid. 

3rd. The formation of soluble ^(j02Qjh and the precipitation of 
Ni as black NlaHoe by GlNao, or chlorine. 

Directions for the separation of these seyen metals will be found 
in the analytical tables under Group IIIa. 



EXERCISES ON GROUP IIU. 
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PRACTICAL EXERCISES* ON GROUPS IIU, IV and V. 

You are requested to analyse — 

1. A solution of ferric chloride, ammonium alum and manganous chloride, con- 

taining '500 grm. of Fe, 050 grm. of Mn, and '050 grm. of Al. 

2. A solution of SO^Nio'' and Ks04Coo'^ containing 050 grm. of Ni and 010 

grm. of Co. 
8. A mixture of the solid salts : zinc white, green yitriol and potassium alum ; 

both in the dry and in the wet way. 
4' A solution of SOjZno'' and potassium chrome alum, containing *500 grm. of 

Crand'050of Zn. 

5. A mixture of potassium chrome alum and green yitriol (about *050 grm.), in 

the dry waroDly. 

6. A mixture consisting of ferric oxide, manganic oxide and zincio oxide, con- 

taining '050 grm. of FegOs, '010 grm. of KnOs and '100 grm. of ZnO ; to 
be examined in the dry way only. 

7. A sample of dolomite^ for Fe'^ (Mn) Ca and Mg. 

8. A sample of calc spar^ for Fe'^ and Mg. 

9. Samples of iron ores, e.g.^ red hcBmatite, hrovm hatnatite, ntagnetie iron ore, 

martial pyrites^ to be examined for water and sulphur only. 

10. A sample of calamine^ in the dry way only. 

11. A sample of chrome iron ore for chromium in the dry way only. 

12. A sample of magnetic iron ore for Fe'^, in the wet way. 

« 

Tabulate the reactions produced by. AmCl and AmHo, NaHo or SAm^ with 
the members of Gboup IIIa, according to the following scheme i-^ 



Reagent. 



AmCl, 

and 

AmHo. 



AljOs. 



OrjO,. 



NaHo. 



SAmj. 



A white gelatin- 
ous precipitate 
of AljHo«, 

slightly soluble 
in excess, re- 
precipitated on 
boiling. 

Ditto, soluble 
in excess. 

A white gelatin- 
ous precipitate 
of AI3H06, in- 
soluble in ex- 
cess. 



FejOs. 



ZnO. 



KnO. 



KiO. 



OoO. 



with the main yiew of fixing upon the memory the solubility or insolubility of 
the precipitates in excess of the reagents. 

II. Pliospliorie Acid is present. — The original snbstance was 
either insoluble or only partially soluble in water, but soluble in 
hydrochloric acid. In this case AmOl and AniHof produce a pre- 

# These exercises may of course be yaried, and should be looked upon merely 
as indicatiye of the course to be pursued. 

t If AmCl and AmHo should giye no precipitate, it is obyioua that no phos- 
phates and no Fe, Al and Cr need be looked for. 

E 
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Add AmCl in considerable excess ; heat gently, and then add AmHo drop by 
the form of Fe^^.) Filter quickly, and wash with hot water. Beserre the 
dilute HCl on the filter. Collect the acid solution in another beaker, and 
good SHs water produces any precipitate in the filtrate* Mix now the 



SoLTJTiON. — Pass a current of SH3 through the solution, and filter off ZnS, 
MnS, KiS, OoS. Wash off the filter, and redissolre the precipitate in 

dilute HCl, with the addition of a few small crystals of •< q^^. Add 

NaHo in excess, boil, and filter. 



The Solution may 
contain Zn, as 
ZnNaos. Add 
SHj. White 
precipitate of 
ZnS. 

Fresenee of Kn. 



The FiiBOiPiTATB may contain KnHoj, OoHos, and 

KiHos. Wash, dissoiye in a little dilute HCl ; nearly 

f OH 
neutralize with AmHo ; add excess of < no Amo ' ^^^^ 

a rapid current of SHg for seyeral minutes through the 
solution, and filter. 



The SOLUTIOK 
contains the 
manganese as 
acetate. 

Add AmCl, AmHo, 
and Sulphu- 
retted Hydrogen 
Water. 

Flesh • coloured 
precipitate of 
MnS. 

Fresenee of Hn. 



Besidttb. •— Dissoiye in HCl and 

I OKo ' ^^^^7 neutralize with 

OONaoaj add a weak solution of 
KCy, so as just to redissolye the 
precipitate first produced. Boil 
briskly for some time, allow to cool 
(filter off any slight precipitate), 
and add a strong solution of UlNao ; 
allow to stand for some time in a 
warm place, as long as a black pre- 
cipitate forms, and filter. 



PsBOiPiTATE con- 
sists of KigHOg. 

Filter off and 
confirm by heat- 
ing a small por- 
tion of it on a 
borax-bead be- 
fore the blow- 
pipe flame. 
A yellowish to 
aherry-red bead. 

Presence of Nl. 



TheSoLUTiON con- 
tains the cobalt 
as KeCoaC^ia. 
Eyaporate to 
dryness, and test 
a little of the 
residue before 
the blowpipe 
flame on a borax 
bead. 

A Uue bead in 
both flames. 

Fresenee of Co. 
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MEANS OF AmCl AND AmHo, AND BY MEANS OF SAm,. 



drop as lonff as a precipitate oomes down. (The iron must be present in 
ammoniacal filtrate. BedissoWe the precipitate by treating it with hot 
repeat in like manner the precipitation with AmCl and AmHo, as long as 
different ammoniacal filtrates with the main filtrate. 



The Fbboifitatb consists of FosHoe, OrsHoe, and Al|Hof Dissolre in 
dilute HOI, add a solution of NaHo (firee from alumina) in excess, and boil 
for some time. Filter ofF. 



Pbboipitatb. — Drj and fuse, with fusion mixture 
and KOiKo on platinum foil. DissoWe in hot 
water, and filter. 



Bbsidttb. — ^Dissolye in di- 
lute HOI, and add 
K4FeOy,. 

A precipitate of Prussian 
blue. 

Presence of Fe. 

Test the original HOI 
solution specially for 
Fe" and Fe*^ by means 
of MnsOcKo2 in a 
highly dilute solution, 
as well as by means of 
K4FeOy«, - KjFeiOyu, 
or OyAms. 



Solution, yellow. Oon- 

r OH 

Ann by adding j oq|j^ 

•»d({S5»>PlK,". 

Yellow precipitate of 
OrOsPbo". 

Presence of Cr. 

Note. — Traces of man- 
ganese — owing to imper- 
fect separation of Mn 
from Fe by precipitation 
with AmOl and AinHo^ 
are indicated by the 
bluish green colour of the 
fused mass arising from 
the formation of an alka- 
line manganate, and after 
dissolving in water, by the 
purplitk-red colour o^ the 
alkaline permanganate. 



SoLVTiov. — Acidulate 
with dilute HOI, and 
add AmHo in slighi 
excess. 

White gelatinous pre- 
cipitate. 

Presence of AL 

Note. — ^If no sodic hy- 
drate free from alumina 
can be obtained, it £9 ne- 
cessary to test an equal 
bulk of the reagent by 
acidulating with HOI and 
adding a slight excess of 
AmHo, and then com- 
paring the ALjHot thus 
precipitated with the pre- 
cipitate obtained in testing 
the solution under ex- 
amination. 
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cipitate, before SAma is added ; tbe precipitate may possibly consist 
of NiS, Cos, MnS, ZnS, FeS, AUHoe, CrsHoe, as well as the 
phosphates of (Cr), Al, Mg, Ca, Sr, Ba. 

It is obvious that amnionic phosphate is formed by the decom- 
position of the phosphates of the metals Ni, Co, Mn, Zn, Fe (if pre- 
sent) by SAmj — AmCl and AmHo precipitate these phosphates 
without decomposition — ^which, in its turn, would act upon any 
soluble salts of Mg, Ba, Sr, Ga, and precipitate phosphates of these 
metals, although none may have been present originally in the 
saline mixture. An example will make this clear. Let us suppose 
that the substance under examination consists of COBao",P202Cao"8 
and PaOaFcaO^. On dissolving in hydrochloric acid, baric chloride 
is formed, and the calcic and ferric phosphates are dissolved without 
decomposition. On adding AmCl and AmHo, a yellowish-white pre- 
cipitate of PaOaFcaO^ and P202Cao"8 is obtained, whilst BaCla is 
not precipitated. On adding, however, the AmCl and AmHo, as 
well as the SAma, to the solution, PaOaFcaO^ is decomposed into PeS 
and POAmos, which latter, by acting upon the BaCla, would pre- 
cipitate baric phosphate. 

In order to avoid this, the precipitate produced in Group III by 
AmCl and AmHo, which contains for the most part the whole of 
the phosphates, is filtered off and SAma added to the filtrate only. 
The two precipitates are washed separately, transferred to a porce- 
lain dish and boiled with a little SAma, which decomposes the 
metallic phosphates (possibly also some FeiHoe) ; leaving the phos- 
phates of the earths and alkaline earthy bases (if any), as well as 
the hydrates of Cr and Al, unchanged. The insoluble residue is 
filtered off and washed with hot water (to which a little SAma has 
been added to prevent the oxidation of FeS, etc.) ; the filtrate is 
tested for phosphoric acid by means of AmCl, AmHo and SOaMgo". 
A white crystalline precipitate shows that phosphoric acid was 
present, in combination with the metals precipitahle as sulphides. 

The residue is dissolved in very little hot hydrochloric acid, with 
the addition of a little concentrated nitric acid ; filtered, if necessary, 
from the sulphur which separates, and concentrated to a small bulk 
by evaporation. To a portion of the solution add a little more con- 
centrated nitric acid, and then some ammonic molybdate, and heat 
gently. In the absence of a yellow precipitate, no phosphates of 
(Cr), Al, Ba, Sr, Ca, Mg need be looked for and the solution 
may be examined at once according to Table IIIa. A yellow pre- 
cipitate indicates that phosphates of the earths or alkaline eoHhy 
hoses, or of both, are present, in addition to the metallic phosphates 
already tested for. 

If so, add to the rest of the solution CONaOa, till nearly neutral, 
then an excess of a solution* containing sodic acetate and strong 
acetic acid : PaOaFcaO^, (as well as PaOaCraO^ and PaOaAlaO^, if 
present), are precipitated. Any phosphates of the alkaline earths 
left undecomposed by the ferric chloride already present in the solu- 

* For the preparation of this reagent see Appendix. 
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tion, are held in Bolution by the acetic acid. To the filtrate add 
"Fe^Clt, drop bj drop, as long as a precipitate* is obtained, and 
till the colour of the supernatant liquid becomes distinctly reddish. 
Digest at a gentle heat ; allow to subside and filter. In this manner 
the whole of the phosphates of the alkaline earthy bases are decom- 
posed, with formation of P202FeiO^, insoluble in acetic acid — (which 
precipitate may be neglected), and chlorides of Mg, Ba, Sr, Oa 
which remain in solution, together with the chlorides of Ni, Co, 
Mn, Zn (and the excess of Fe2Cl8 added). The whole of the phos- 
phoric acid having thus been removed, the precipitate produced by 
AmOl, AmHo and S Am3 is examined according to Table IIIa. The 
alkaline earthy metals are separated according to Tables IV and V. 
It should be borne in mind that these metals can have been present 
in the original substance only as phosphates, and the filtrate which 
contains them should on no account be mixed up with the main 
filtrate from Group III, but should be examined separately. 

It may be of interest, occasionally, to ascertain, whether any oxalates of Ba, 
Sr and Ca (which are destroyed by evaporation with nitric acid and ignition, 
before proceeding to Group III), were present in the original mixture, in which 
case the evaporation to dryness and ignition must be omitted. 

The precipitate produced in G-roup III by AmCl and AmHo alone contains 
the oxalates, as well as the phosphates of the alkaline earthy bases, and possibly 
also silica. The oxalates are decomposed by gently igniting the precipitate. The 
ignited mass is extracted with dilute hydrochloric acid. SiUca, if present, is ren- 
dered insoluble, and may be separated by filtration. To the acid solution, which 
may possibiy contain phosphates of Ms, Ca, Sr and Ba, as well as chlorides of 
the bases, present before ignition asoxuates, addAmCl and AmHo and filter off. 
The filtrate contains the chlorides of Ba, Sr and Ca and is tested separately 
according to Table lY. All Basis bo DisooyBiiBD^ must have sbbn pbesbnt 

OSIGINALLY AS OXALATES. 

We may, then, sum up by stating that the separation of the 

METALS AND SALTS (PHOSPHATES) PRECIPITATED IN GrOUP IIIb^ is 

based upon : — 

1st. The vMolvhility of the phosphates of Fe, Al cmd Gr in acetic 

addj in the presence of an alkaline a^cetate. 
2nd. The separation of the whole of thephosphoric acid which is in 

comhination with the alkaline earthy hoses, by means of FeaCle, 

in an acetic solution. 

All other operations are identical with those described in Tables 
IIIa, IV and V. 

A tabular scheme for their examination* will be found in the 
analytical tables, under Group IIIb. 

* If any phoaphatee of the alkaline earthy bases be left, FesGle should pro- 
duce a yelloivish-white precipitate when added to a portion of the acetic ctcid 
solutiony if not, no ferric salt need be added to the main portion of the filtrate, 
(The presence of iron, other than phosphate, is generally indicated by the reddish 
or ferric acetate colour of the filtrate.) In this case M and Or, as well as the 
metals of the alkaline earths, will still haye to be looked for in the filtrate. 

t The examination of Qroup Ills, containing phosphates, may be deferred 
until the student haa become acquainted with the reactions for acids. 
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QUESTIONS AND PRACTICAIj EXERCISES ON GROUP Ills. 

Tou are requested to analyse : — 

1. A hydrochloric acid solution, containing common sodio phosphate, ferric 

chloride, calcic and magnesic chlorides. 

2. A hydrochloric acid solution, containing common sodic phosphate, nickelous 

sulphate, cohaltous nitrate, zindc sulphate, and ferric chloride. 

3. A hydrochloric acid solution of calcic phosphate, chromic chloride, and 

aluminic phosphate. 

4. A mixture of bone-ash and much ferric oxide. 

5. A mixture containing little ferric oxide and much magnesite (or magnesia 

alba) and bone-ash. 

6. A hydrochloric acid solution of conmion alum and hydric disodic phosphate. 

7. How would you recognize alumina in the presence of aluminic phosphate ? 

8. Giyen a reddish-coloured solution (owing to the presence of ferric salts), 

which gives a copious precipitate on the addition of sodic acetate and 
acetic acid in the cold, learing the solution still coloured. What inference 
is to be drawn from this observation ? 

9. A solution contains chromic chloride, chromic phosphate, and dipotassic 

dichromate. State how you would distinguish these three chromium 
compounds from each other. 

10. An acid solution (HOI) of a mixture, consisting of ferric chloride, baric 

chloride, and common sodio phosphate, retains its reddish colour, after 
precipitation with sodio acetate and acetic acid. What inference must be 
drawn from this, and what would you infer if the filtrate were colourless, 
but gave no further precipitate on the addition of Fe2Cl5 ? 

11. You have a solution given to you which gives a precipitate with AmOl and 

AmHo. What inference must you draw if the filtrate gives no further 
precipitate on the addition of SAm2 F 

12. You have eiven to you a concentrated solution of ferric chloride. On adding 

a few drops of a solution of hydric disodic phosphate, a yellowish pre- 
cipitate appears. Explain what takes place, Ist. When a portion of the 
solution in which the precipitate is suspended is boiled. 2nd. When 
acetic acid is added, in the cold, to another portion, drd. When the pre- 
cipitate is filtered and treated with excess of the hydric disodic phosphate, 
in the presence of ammonia. 



Chapter V. 
REACTIONS OF THE METALS OF GROUP II. 

This group comprises the metals meecuky, lead, bismuth, coppek, 

CADMIUM, AESENIC, ANTIMONY, TIN (GOLD and PLATINUM), which are 

precipitated from acid solutions (HCl) by means of sulphuretted 
hydrogen. 

Mix together solutions of NsOgBio''', H^Ols, SOsCuo'', OdCls, As^Os 
(dissolyed in HCI), K304Fho'', SbCls, SnCls, and SnCLi, and pass a current of 
SHj, without first filtering off the white precipitate which is produced. Filter ; 
pass the gas again through the clear filtrate, to make sure that the metals have 
been entirely precipitated. Wash the precipitate with hot water ; remoye a por- 
tion from the filter ; boil with a little yellow ammonio sulphide, and filter off. A 
black residue is left, consisting of HffS, PbS, BiaSs, CuS, OdS. The solution 
contains As^ztSb^ifBnS and SxiSj. This can be shown by acidulating with 
dilute hydrochloric acid, when a yellow precipitate oomes down — ^because yellow 
ammonio sulphide conyeits SnS into SnSs — consisting of the sulphides of As, 
Bb, Sn. 



SULPHO-BASES. SULPHO-ACIDS. 
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ThiB shows that we can divide Oroup II by meaiia of ammofuc 
atilj^hide, into two portions. 

The name aulphidej in its widest sense, is given to all compounds 
into which sulphur enters as the electronegative element. A re- 
markahle analogy is observable between oxides and sulphides. 
There is a certain class of sulphides which resemble metallic oxides 
or bases ; another class which plays the part of oxy-acids. Sulphides 
are therefore divided into sulpho-hases and sulpho^acuU, To the 
latter belong the sulphides of H, As, Su, Sb (Pt, Au) ; to the 
former the sulphides of many metals, especially such of the metals 
as constitute powerful bases (£1, Na, Am, Ba, Ga, etc.). An electro- 
positive element, which forms with oxygen an oxide, combines 
generally also with the same number of sulphur atoms, to form a 
corresponding sulphide^ in which the sulphur is almost invariably 
a dyad. 

The resemblance in the constitution of these oxygen and sulphur 
compounds is further borne out by the analogy in their solubility 
and alkaline reaction. Thus we hie^ve— 
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Antimonic add. 
Metantimonic acid. 
Stannic acid. 
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SKs Potassic sulphide, alkaline and 

soluble. 
SAms Ammonic 
SNaa Sodic 
BaS Baric 
OaS Calcic 
FeS Ferrous 



ZnS Zincic 



I* 

19 



fl 

ti 

n 



no reaction, 
insoluble. 
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Sulpho'anhydrides, 

AbjSs Arsenious sulphide, or 

pharsenious anhydride. 
AsaSt Anenic sulphide, or sulphar- 

senic anhydride. 
SbjSs Antimonious sulphide, or sul- 

phantimonious anhydride. 
SbsSt Antimonic sulphide, or sul- 

phantimonic anhydride. 
SnSs Stannic sulphide, or sulpho- 

stannic anhydride. 

SuljphO'acids. 

AbHsi Sulpharsenious acid. 
AaSHsj Siilpharsenic acid. 
SbHss Sulphantimonious acid. 
SbSHsf Sulphantimonio acid. 
SbSjHs Sulphometantimonic acid. 
SnH84 Sulphostannic acid. 



SulphO'-salts are obtained by the mutual action of a sulpho-acid 
and a sulpho-base upon each other. 

Sulphides soluble in water, comprising the sulphides of the 
alkalies and alkaline earthy metals, are divided into normal euVphides^ 
such as SK2, ^SAm2, SNaz, BaS ; into sulphhydrates (acid sul* 
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phides), sach as SKH, SAmH, BaHs2; S'^d poly sulphides, snch as 
S2H2, SsKj, SsAmj. The aqaeons solutions of the normal and acid 
sulphides are colourless, and give off SH3 when treated with dilute 
hydrochloric acid, without separation of sulphur. Solutions of the 
polysulphides are yellow, or yellowish brown, and when treated 
with hydrochloric acid, give off sulphuretted hydrogen, with separa- 
tion of white (or precipitated) sulphur. The number of sulpho-salts 
is small compared with the salts of oxy-acids, and they are far less 
stable than ordinary oxy-salts. This arises irom the fact that sul- 
phur is comparatively indifferent to chlorine, phosphorus, nitrogen, 
carbon, silicon — ^non-metallic elements, which are endowed with a 
powerful chemical affinity for oxygen, with which they form in the 
presence of water energetic oxy-acids — and that there are either 
no sulphides corresponding to the oxygen compounds of these 
elements, or sulphides of a very indifferent nature. The number of 
sulpho-acids is principally restricted to the acids enumerated above, 
and these again combine mostly only with the soluble sulphides 
possessed of an alkaJdne reoMion ; or, \i combined with the sulphides 
of the heavy metals, as in certain minerals, they are readily decom- 
posed by chemical agencies. 

The following is a list of some of the more important sulpho-salts 
compared with the corresponding oxy-salts : — 

Oxy'$altS9 Sulpho-salts, 

SnNaos Disodio stannite. SnNass Disulphosodic sulphostaxmite. 

SnONaoa Disodic stannate. SnSNasa Disulphosodic sulphostannate. 

AbEos Tripotassic arsenite. As-Ksg Tiisulphopotassic sulpharse- 

nite. 
AflONaos Triflodic aneniate. .AsSNass Trisulphosodic sulpharseniate. 

SbOXo ' Potassio metantiinomte. SbSKs Sulphopotassic metasulphanti- 

monite. 
SbOjKo Potassic metantimoniote. SbS^ICB Sulphopotassic metasulphanti- 

moniate. 

In these sulphur compounds the radical Nas, sodiumsulphyl, occu- 
pies the place of the compound radical Nao, sodoxyl. In like 
manner 

Ks Potassiumsulphyl occupies the place of Ko PotassoxyL 
Ams Ammoniumsulphyl „ Amo Ammonoxyl. 

Bas" Bariumsulpiiyl „ Bao"Baroxyl. 

Gas" Calciumsulphyl „ Cao" Galciumoxyl, 

in the analogous sulpho-salts. 

Instances of some interesting natural sulpho-salts, to be con- 
sidered more fully under silver and lead, are : — 

AsAgss trisulphargentic sulpharsenite (proustite). 

SbAgsg trisulphargentio orthosulphantiinonite (pyrargyrite or darJc red 
silver ore). 

Sb3S''(0ujFeS"j)''a sulphocuproso ferrous pjrosulphantimonite (Juhl ore). 

SbaPbs's trisulphoplumbic orthosulphantimonite Qtoulangerite). 

BbjEWiiPu^*'^^** disulphoplumbio sulphoouprous orthosulpliantimonite 
ifiowmoniie). 
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Sb4SjPb»''PbB"^ trisulphoplumbic metaBulphsntimonite* (jame$onite). 

Treat another portion of the above SH2 precipitate with NaQo or XQo and 
filter off. A blacK residue is likewise left, and on adding dilute HCl to the 
filtrate, AS3S3, Sb^Sg, SnS and SnSs are reprecipitated. 

This shows that the hydrates of the alkali. metals dissolve a pot- 
tion of the sulphides precipitated by SH2 in Group 11. The following 
equations explain the action of the alkaline hydrates : — 

SbjSa + 6E:Ho = SbKss + SbKo, + SOH,. 

Antimonious Trisulphopotassic Tripotassic 

sulphide. sulphantimonite. .antimouit«. 

ASaSs -I- 4KHo = AsHsKsa -I- AsHoKoa + OH,. 

Arsenious Sulphhydric Hydric dipotassic 

sulphide. disulpnopotassic arsenite. 

Bulpharsenite. 

2SnS + 4KHo = SnEi, + SnKo, -h 20H,. 

Stannous Disulphopotassio Dipotassic 

sulphide. sulphostannite. stannite. 

2SnS, + 4NaHo = SnSNas, + SnONaoa + OH, + SH,. 

Stannic Disulphosodio Disodio 

iulphide. sulphostannate. stannate. 

Addition of hydrochloric acid reprecipitates the sulphides, thus :— • 
SbKs3 + SbKo3 + 6HC1 = Sb^S, + 6K01 + 80H,. 

Hence the metals which are precipitated by SH3 in Group II 
can be subdivided by means of SAm, or NaHo into — 

A. Metals whose sulphides act as sulpho-hases, viz., the sulphides 
of Hg, Pb, Bi, Cu, and Cd. These are insoluble in ammonio 
sulphide (HgS dissolves to some extent in potassic or sodic 
sulphide ; CuS is somewhat soluble in ammonic sulphide). 

B. Metals whose sulphides act as sulpho-acids, viz., the sulphides 
of As, Sb, Sn (Au, Pt). 

Group II. Subdivision A. 

L Mercnry. Hg". — Occurs native, but is chiefly obtained 
from, cirbnahar or mercuric sulphide, HgS. 

EXAMINATION IN THE DEY WAY. 

Add a little finelj-divided lead or zinc to a few globules of mercuiy on a 
watch-glass. The liquid metal mercury becomes thick and pasty bj the com- 
bination with the solid metal lead or zinc. It enters into combination with 
the lead, in the cold, to form an amalgam. Other metals combine with mercury 
only when heated. 

The term amalgam is applied to the combinations into which 

* This compound may also be yiewed asSbjSsPbs^' (sulphoplumbicmetasulph- 
antimonite) and SbsSPbs^^s (sulphoplumbic pyrosulphantimomte). 



58 MERCURY. • 

mercury enters with other metals. Combinations between metals, 
other than mercury, are called alloys. This property of mercury 
has received an important application in the extraction of gold 
and silver from poor ores by the so-called amalgamation process. 
Mercury can be separa-ted again by distillation, gold and silver being 
left behind. 

The combination of the metal mercury with other metals is 
obviously due to its liquid condition at the ordinary temperature, 
which facilitates its being brought into intimate contact with other 
metals. This contact action is materially increased, if the solid 
metals are oflPered to the mercury in a finely-divided condition, or in 
the form of foil — an amalgam of 4 parts of tin and 1 part of mercury 
is employed for covering looking-glasses — and by rubbing the two 
metals together in a mortar. 

Heat some cinnabar in a small flask with narrow neck, loosely closed with a 
piece of charcoal. HfirS sublimes without undergoing any chemical change. 

Heat a little cinnnhctr in a piece of glass tube open at both ends, and allow a 
current of air to pass over it. Hg is seen to condense in the form of a metallic 
mirror towards the further end of the tube, and SO3 makes itself perceptible by 
its odour. 

Heat about two parts of yellow mercuric oxide and one part of mercuric sul- 
phide in a test tube. MetaUic mercury sublimes and sulphurous anhydride is 
given off, according to the equation : — 

HfirS + 2HfirO = Hgs + SO3. 

' Introduce some cinnabar into a small tubulated retort connected with a two- 
necked reoeiyer and gas delivery-tube, and pass through the tubulus of the retort 
a current of air or oxygen from a gas-holder, and heat gently. A blue flame 
playing oyer the Hg3 indicates that combustion takes place. Mercury distils 
and condenses partly in the neck of the retort and partly in the receiyer. Sul- 
phurous anhydride issues from the deliyery-tube and is readily recognized by its 
pungent odour ; or it may be passed into water, and the solution tested with 
litmus-paper. 

This illustrates the mode of extraction of mercury from its 
principal ore. Ginnahar is roasted in a reverberatory furnace, and 
proper provision is made for the condensation of the vapour of 
mercury in chambers and flues. The sulphurous anhydride is 
allowed to escape. 

Hgs (as well as SAgj, AUsSs, PtSg) parts with its sulphur 
when roasted in the air, and yields the metal : itis in fact reduced to 
the metalMc state by oxygen, owing to the weak affinity which exists 
between the metal mercury and the non-metal sulphur, and owing 
likewise to its weak affinity for oxygen, on account of which the 
HgO (and OAgz) first formed gives up its oxygen again to a &esh 
quantity of HgS (or SAg2). 

Hydrogen and carbon, copper, tin, zinc, etc., reduce HgS at a 
high temperature, forming with the sulphur SHi, CSz (carbonic 
disulphide), CuS, etc. The native HgS is, however, best reduced 
by the action of strong bases, such as lime or soda. 

Mix a little cinnabar with dry CONaoj, and heat in a little tube, sealed up 
at one end, or blown into a small bulb. Metallic mercury sublimes and forms a 
mirror in the cold part of the tube ; the sulphur is fixed by the alkali metal. 
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REACTIONS IN THE WET WAT. 

Mercniy forms two series of salts : nerearoiu and mereiuie salts. 

It dissolves readily in nitric acid, even in the cold, forming mer- 
cnrons nitrate, if the mercary be in excess, and mercuric nitrate, if 
the acid be in excess. These salts have the composition — 

g§Hg,o" and gg;Hgo". 

Mercuroufl Merourio 

nitrate. nitrate. 

Mercnrons salts contain HgO : mercuric 8alt49, HgO. 

Mercurous oxide. Mercuric oxide. 

The oxygen atom bein^ in the one case linked to two atoms of 

the dyad mercury, thus, < wS/O* *^© mercury atoms being held 

together by one of their bouds, as well as hj the bonds of the oxygen 
atom ; in the other to one atom, thus : — Hg=0. 

Mercurous oxide exhibits a tendency to combine with another 
atom of oxygen, or when exposed to heat, to part with one atom of 
mercury and to become converted into mercuric oxide. Hence we 
possess in mercurous salts powerful reducing agents. 

On account of the insoluble chloride which 'Hg)' forms, we shall 
consider its reactions in connection with the reactions for silver and 
lead in Group I. 

In order to study the reactions of mercuric salts, we can either 

employ A solution of mercuric nitrate, jsq^^o'\ or mercuric 

CHLORIDE, HgOlj {corrodve sublimate), 

SQa (sronp-reasent) added to HgClj gives a black precipitate 
of merenrle sulphide, HgS. The precipitation is marked by charac- 
teristic changes of colour. Accordingly as sulphuretted hydrogen 
water is added in small quantities, or the gas passed slowly through 
the solution, it produces at first a perfectly white precipitate, and on 
the addition of more SHz, a yellow precipitate which passes through 
dirty yellow to brown, and becomes black only when excess of SHj 
has been added to the mercuric salt. The white^yellow, or brown 
precipitate consists of varying quantities of HgS and HgCU. 

[HgCl 
It may be represented by the formula < S" (tflmerenrie salpbodl- 

[HgCl 
eltloFlde). HgS is insoluble in nitric or hydrochloric acid and in 
yellow ammonic sulphide, potassic hydrate, or potassic cyanide; 
soluble, however, in aqua regia and in potassic or sodic sulphide in 
the presence of sodic hydrate, but insoluble in their sulphhydrates. 
Long digestion with concentrated nitric acid converts the black 
HgS into a white body consisting of 2HgS -f NjOiHgo". 

SAm, gives the same precipitate. 
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NaHo or KHo added in excess produces a yellow precipilate of 
mercuric oxide, HgO, insoluble in excess. 

AmHo produces a white precipitate of mercnrie salt and mercu- 
ramlde, known as the ^^ white precipitate,*^ 

N"'2H4Hg" + HgCl2 = 2(NH2Hg"Cl). 

Mercurammonio 
chloride. 

C0Nao2 or COK02 gives a reddish brown basic precipitate. 

KI gives a bright red precipitate of mercuric Iodide, Hgl2, 
soluble either in excess of potassic iodide or of the mercuric salt. 
Hgl2, as well as HgCl2 and HgBr2, sublime unchanged. 

KCy gives with mercuric nitrate (not the chloride) a white pre- 
cipitate of mercuric cyanide, HgCj2, soluble in excess; not decom- 
posed by boiling with alkalies or alkaline carbonates, but only by 
SH2. 

Mercuric salts are readily reduced to mercurous salts : — 

SnCU (stannous ciaoride) gives with mercuric salts a white pre- 
cipitate of mercurous cUoride, Hg2Gl2, which when boiled with 
excess of the reagent, is reduced to grey metallic mercury. On pour- 
ing off the solution and boiling the grey precipitate with HCl, the 
mercury is obtained in little globules. 

NO 
S02Feo" (ferrous sulpbate) reduces ko^'^^^"' ^^^ ^^^ HgCl2, 

to the metallic state. 

Cu, Zn, Fe precipitate metallic mercury from mercuric solutions, 
provided they are not too acid. 

Mercuric salts act the part of ooddizvtig agents; they are first re- 
duced to mercurous salts, and finally to metallic mercury, 

QUESTIONS AND EXERCISES. 

1. What is understood bj the terms sulpho-basey sulpho-acid, sulpho-salt ? 

2. Define normal sulphides, sulphhjdrates, and poljsulphides, and state how 

they can be distinguished by treatment with HCl. 

3. GKye instances of sulpho-salts together with the corresponding oxj-salts. 

4. Write out the graphic formulee of a few sulpho-salts and of the minerals 

houlangerite, Jamesoniteffahl ore. 

5. Which metals form sulphides capable of acting as sulpho-acids, and iivhich 

form sulphides capable of playing the part of bases P 

6. Write out the formuJee, both symbolic and graphic, for the persulphides of 

the metals K, Na, Ba, Ca, Fe. 

7. What changes take place when the sulphides of As, Sb, and Sn are boiled, 

1st, with SAms, 2nd with NaHo ? Express the changes by equations. 

8. G-iye the graphic formula of cinnabar, dimercuric sulpho-dichloride, of tohite 

precipitate and of mercuric nitrate. 

9. Write out the symbolic equations for the reactions which mercuric nitrate 

gives with the group and special reagents. 

10. Calculate the percentage composition of white precipitate. 

11. How much metallic copper will have to be dissoWed, in order to precipitate 

2 grms. of Hg from a solution of mercuric chloride P 

12. Explain why the dyad condition appertains to one atom of mercury and to 

the double atom. Give proofs of the atomicity of mercury in mercurous 
and mercuric compounds. 
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13. How is corrosive auhlimate manufactured, and whe^e does it derire its 

name ? 

14. 1'5 grm. of HfirClj is precipitated as HfirS and collected on a weighed filter. 

How much hj weight of HgrS should there he ohtained ? 

15. Cinfiabar is sometimes found adulterated with red lead, red oxide of iron, 

hrick-dust. State how jou would discover the adulteration. (No sepa- 
ration of the impurities from each other is required). 

16. What reaction takes place when mercury is acted upon hy concentrated sul- 

phuric acid P and h j what consecutive stages is the product of this reaction 
converted into white precipitaie ? 

17. How much metallio mercury will 100 lb. of cinnabar yield when distilled 

with lime ? 

18. What is the percentage composition of an amalgam containing Sn4Hg P 

2. LEAD, Pb" and »y.— Only a slight precipitate of PbS is for 
tbe most part obtained in Gronp II, since the greater part of the 
lead is removed in Gronp I as PdCI}. It happens frequently that 
this small quantity of lead is not precipitated by SH3, on account 
of the solution being too acid (HCl), or too concentrated, in which 
case a little lead is fouQd in Group III, and is often mistaken for 
some other metal. It is necessary, therefore, to dilute a portion of 
the filtrate from Group II considerably and to pass a current of 
SH2 through, in order to make sure of the presence of lead, espe- 
cially so, when lead has been discovered in Group I ; and, if a pre- 
cipitate be obtained, to pass the gas once more through the whole 
of the filtrate, after having diluted it considerably with distilled 
water. 



3. BISMUTH, Bi'" and ^.— This metal is principally found 
native ; also in combination with oxygen and sulphur, as bismuth 
ochre, Bi203, from the decomposition of bismuth glance, Bi2Ss, and 
in the form of sulpho-salts, as kobellite, Bi2Pbs"s (trisulphoplumbic 
orthosulpho-bismuthite), and as needle ore, Bi2Pbs"a('0u'aS2)"5 
disulphoplumbo-cuprous orthosulpho-bismuthite. 

EXAMINATION IN THE DRY WAY. 

The metal bismuth fuses with ease, both in the reducing and 
oxidizing flame of the blowpipe, covering the charcoal with an 
incrustation of oxide, orange yellow, while hot, lemon yellow, when 
cold, passing at the edges into a bluisli wMte. The incrustation can 
be driven from place to place by either flame, without colouring the 
outer flame. (Distinction from Lead.) Heated with borax or 
microcosmic salt, Bi203 gives beads which are yell&ivish, when hot, 
and colourless, when cold. All bismuth compounds can be reduced 
to the metallic state by heating on charcoal with CON'ao2, in the 
inner or reducing flame. The metallic bead is brittle. (Distinction 
FROM Lead and Silver Beads.) The incrustation is yellow. 

examination in the wet way. 
Bismuth dissolves readily in nitric acid, forming NsOcBio'". A 

SOLUTION OF this SALT IS CONVENIENTLY EMPLOYED. 
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SH2 (sronp-weagent) gives a brownish black precipitate of 
bismnthons snlpliide, Bi2S3, insoluble in dilute acids, in alkalies and 
in alkaline sulphides ; soluble in concentrated nitric acid. 

Alkaline snlplildes give the same precipitate. 

KHo, NaHo and AmHo produce a white precipitate of big- 
mnthous hydrate, BiHos, insoluble in excess ; on boiling it turns 
yellow, i.e., it becomes anhydrous (Bi203). 

COAmo2 or CON'ao2 throws down a white bulky precipitate of 
basic carbonate (bismuthylic carbonate) (consisting of one mol. of 
carbonate and two of the oxide, C303Bio"'2, 2Bi203) = CO(Bi02)'2> 
graphic formula : — 

0=Bi— 0— C— 0— Bi=0 

II 
O 

in which the compound radical blsmnthyl, BiO, acts the part of H 
in Ho. The precipitate is insoluble in excess. 

Cr206Ko2 gives a yellow precipitate of basic chromate (consisting 
of one mol. of bismuthous hexachromate, Cr60i6Bio"'a, and two mol. 

rCr02(Bi02)' 
of bismuthous oxide, 2Bi203) = < O readily soluble in 

LCr02(Bi02)' 
dilute nitric acid, insoluble in potassic hydrate. (Distinction prom 
Plumbic Cheomatb.) 

SO2H02 gives no precipitate. (Distinction from Lead.) 

KE produces a hrovm precipitate of blsmathons Iodide, Bilg, soluble in 
excess. 

£Cy produces a white precipitate, insoluble in excess, soluble in acids. 

Bismuthous salts are partially decomposed by water, a basic salt 
being precipitated. The addition of an acid redissolves the preci- 
pitate. This constitutes the most characteristic reaction for bis- 
muthous salts. The salt most readily precipitated is the chloride 
(BiCls). It can be prepared from the nitrate by precipitating the 
oxide first, and then filtering and dissolving the precipitate off the 
filter with dilute hydrochloric acid. Excess of acid should be 
avoided. 

OH2 gives with BiCls a white precipitate of blsniiithoiis oxyctalo* 
ride (consisting of one mol. of Bi20s and one of BiCl3), BiOCl, 
which is almost absolutely insoluble in water, but soluble in hydro- 
chloric acid, from which it is reprecipitated on the addition of 
ammonic or sodic chloride. BiOCl is insoluble in tartaric acid. 
(Distinction from Antimony.) 

Metallic zinc precipitates bismuth from its salts. 

Bismuthous salts exhibit a tendency to form basic salts, showing 
that Bi203 is a very indifferent and weak base. 

There are several other oxides known, e.g., blsmathlc oxide or 
anhydride, Bi205, which parts readily with two atoms of oxygen, 
when heated or acted upon by reducing agents. 



OOPPEB. 63 



QUESTIONS AND EXBBCISES. 

1. How cftn Bi be separated from Aff, Pb, or Hg ? 

2. Express in symbolic equations the reactions which a bismnthous salt gives 

with different reagents in the wet way. 
8. Give the graphic formulie for bismuthous nitrate, bismuthons oxide, bismuth 
glancBy bismuthous oxychloride. 

4. Calculate the percentage composition of an alloy of 1 atom of Pb, 1 atom 

of Sn, and 3 atoms of Bi. 

5. 1*245 grm. of BijOs are obtained from 10 c.c. of a solution of normal bis- 

muthous nitrate. How much metallic bismuth does a litre of the bismuth 
solution contain ? 



4. OOPPERj Cn". — ^This metal is found native ; also in combi* 
nation with oxygen and sulphub, as red copper ore or ruby ore^ CUtO, 
as vitreous copper or copper glance, CUtS, and indigo copper or bins 
copper, CuS ; more frequently as copper pyrites, Fea^CUsS =s 

I FeS^^^'^'^' ' C^*^^^ cnprons tetrasnlphide), and variegated 

p (Cu2S2)"s» (diferric 

tricnprons hexasnlphide) ; also as fahl ore, houmonite, etc. ; in 

combination with carbonic acid, as basic carbonate, malachite^ 

CO(OCnHo)'2, and azurite, mountain blue, or copper azure^ 

CHoPno" 

CH C "^^^" 5 ^^^^ SULPHURIC ACID, as hhie vitriol, S02Cno",60H2; 

with PHOSPHORIC ACID, as phospkorocaldte, Ubethenite ; with arsenious 
ACID, as tennanUte ; silicic acid, as dioptase, and others. 

EXAMINATION IN THE DRT WAT. 

Copper minerals form a yery nnmerons class of ores ; and as 
many of them exhibit precisely similar blowpipe reactions, a know- 
ledge of their physical character is indispensable to enable the 
stndent to distinguish readily between them. It is advisable to 
examine the donbtfol ores in the wet way also. 

The most characteristic reaction in the dry way is that which 
copper compounds give, when heated in a bead of borax or micro- 
cosmic salt before the blowpipe flame. The bead is vreen whilst 
hot, Mne on cooling. Most copper compounds, when heated on 
platinum wire in the inner flame, impart an Intense vreen colour to 
the outer flame. All copper compounds are reduced when heated 
in the inner flame on charcoal, together with CONao2 and KCy, 
yielding red metallic scales. Sulphides give off SO2, when roasted 
in an open tube, and leave CllO behind. Malachite or aaurite gives 
off water and carbonic anydride when gently heated in a tube. 
Blue vitriol loses water, sulphurous anhydride and oxygen, and 
leaves cupric oxide. Cuprio phosphate, arseniate, and silicate fuse 
to coloured glasses. 

Metallic copper is not affected in diy air at the ordinary temperature, but 
is readily oxidized when heated in air or oxygen and oonyerted into black 
cupric oxide. Hydrochloric acid in the presence of air diseolyee copper but 
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sliglitlyi forming C112GI2 ; nitric add is the most aotiye solvent for copper (as it 
is for Ag, Hg, Pb and Bi), forming cupric nitrate. Sulphurio aoid (concen- 
trated) dissolves copper, on heating, with evolution of SO2, and formation of 
SOjCuo". 

SO2H02 acts here the part of an oxidizing agent. This method of preparing 
sulphurous anhydride gas is frequently employed in the laboratory in preference 
to other methods. 

EXAMINATION IN THE WET WAT. 

A SOLUTION OP CUPRIC SULPHATE, SOaCuo", Or CUPEIC NITRATE, 

NO 

^r^*Cuo", may conveniently be employed. 

SHg (sroup-reayent) gives a brownish Hack precipitate of cnprlc 
sulphide, CuS, insoluble in dilute acids ; slightly soluble in yellow 
ammonic sulphide ; soluble with decomposition in nitric acid ; com- 
pletely soluble in potassic cyanide ; insoluble in potassic and sodic 
sulphides, or caustic alkalies. CuS is rapidly oxidized to SO2CU0'' 
by exposure to the air ; it is insoluble in hot £lute sulphuric acid. 

SAm2 produces the same precipitate, somewhat soluble in excess, 
especially in yellow ammonic sulphide (S6Am2) . 

NaHo or KHo gives a light blue precipitate of cupric hydrate, 
CuHo2. The precipitate turns black on boiling and becomes denser. 
Three molecules of CuHos lose two molecules of OH2 and leave 
3CuO,OH2 (graphic formulaH— 0— Cu— 0— Cu— O— Cu— 0— H). 
In the presence o^ many organic substances, such as grape sugar, 
etc., the precipitate dissolves to a deep blue solution, whence the 
whole of the copper is reprecipitated on boiling in the form of 
bright red cuprous oxide, CU2O. 

CONao2 produces a greenish blue basic carbonate, of the com- 
position CO(OCu"Ho)'2, graphic formula = C ^q~q^IIqIIjj» 

carbonic anhydride being evolved. This precipitate is converted on 
boiling into the black precipitate of 3CuO,OH2. It is soluble in 
ammonic hydrate to an azure blue and in potassic cyanide to a 
colourless fluid forming a soluble double cyanide. 

AmHo or COAmo2, when added in small quantities, produces a 
greenish bltie precipitate of a basic salt, which dissolves readily in 
excess of the reagents, and forms a magnificent azure blue liquid, — a 
blue which is perceptible, if a solution contains small traces of copper 
only. The blue solution contains a double compound of cuprammonlc 
hydrate, N^2H6Cu"Ho2, and ammonic sulphate, or ammonio-cupric 

sulphate, symbolic formula, SHo2Amo2 J ]«^tt^C/u02 1", whence the 

black cupric oxide separates on boiling with sodic hydrate. 

This tendency of ammonia to combine with cupric hydrate and 
to form cuprammonic hydrate induces metallic copper to combine 
with oxygen even at the ordinary temperature, 

KCy gives a greenish yellow precipitate of cupric cyanide, CllCys, 
soluble in excess. SH2 produces no precipitate from this solution. 

KiFeCys gives a reddish brown precipitate of cupric ferrocyanlde, 
Cu2FeCy6, insoluble in dilute acids, decomposed by potassic or sodic 
hydrate, with separation of 3CuO,OH2. Even in very dilute solu- 
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tions of copper salts a brownisli colour is prodticod, — ^best seen when 
the reaction is performed on a watch glass, placed on a sheet of 
white paper or in a little porcelain dish. Hence K^eCj^ supplies 
one of the most delicate reactions for copper salts. 

Metallic zinc or iron precipitates metallic copper, especially in 
the presence of a little free hydrochloric acid. If a few drops of a 
slightly acidulated dilute copper solution are placed on platinum foil 
(the lid of a platinum crucible), together with a small piece of sheet 
zinc, the platinum becomes rapidly coated with a reddish film of 
metallic copper, visible even in the case of very dilute solutions, an 
equivalent quantity of the metal zinc being dissolved. 

This simple experiment requires some explanation. Brieht copper is not 
attacked by dilute hydrochloric or sulphuric acid. Metals such as Pb, Hg, Ag, 
Au, Pt are* also indifferent to dilute hydrochloric or sulphuric acid, whilst zino 
and iron are readily dissolyed with eyolution of hydrogen, the metals taking the 
place of the hydrogen in two molecules of hydrocmoric acid. 

By the aid of yoltaic electricity, howeyer, we are enabled to dissolye metals 
in dilute hydrochloric or sulphuric acid, which are either not dissolyed at all, 
such as copper, or dissolye onl^ with difficulty, such as the metal tin. This is 
done by connecting the positiye pole of a yoltaic battery with a piece of the 
metal to be dissolyed, and the negatiye pole with a platinum wire ending in a 
piece of platinum foil. Both electrodes dip into the dilute hydrochloric or 
sulphuric acid solutions. 

Connect the positiye pole, 0, with a piece of sheet copper or a coil of copper 
wire, placed in oUlute sulphuric acid, contained in a glass basn, as seen in Fig. 7. 
The negatiye pole, b, consisting of a platinum 
wire fused to a strip of platinum foil, dips 
likewise into the dilute acid, without touching, 
howeyer, the copper. The solution turns blue, 
owing to the formation of a blue cupric salt, 
and the sheet of metallic copper or the copper 
wire dissolyes after some time. Hydrogen is Fio. 7. 

eyolyed at the negatiye pole. 

This shows that the action of dilute acids upon copper which is nil at the 
ordinary temperature is yery energetic when we call yoltaic electricity to our 
aid. 

The reaction will be readily understood, if it be remembered what takes place 
when water is decomposed by yoltaic electricity. Hydrogen is obtained at the 
negatiye and oxygen at the positiye electrode, because the latter consists likewise 
of platinum, a metal which has no affinity for oxygen. Hence both constituents 
of water, hydrogen and oxygen, are eyolyed at the respectiye poles. Now, if 
instead of water, hydrochloric acid be decomposed in like manner, chlorine is 
eyolyed at the positiye electrode. If the positiye electrode consists, howeyer, of 
a metal, such as Zn, Cu, Fe, for which chlorine possesses a strong affinity, the 
latter combines with these metals, the moment it is liberated on the positiye 
electrode, or as it is termed in its nascent state {in statu nascendt)^ and hydrogen 
alone is eyolyed at the negatiye pole. 

If in the place of hydrochloric or sulphuric acid, we employ a dilute solution 
of a metallic chloride or sulphate, e.ff.j cupric sulphate, SOjCuo'' and dip the 
two electrodes into it, we obserye at the negatiye (platinum) electrode instantane- 
ously a red film or deposit of metallic copper, whilst at the positiye electrode, 
consisting of metallic zinc, no eyolution of gas is yisible, since the zinc is acted 
upon by the acid liberated from the copper, and is conyerted thereby into 
BO^no". An equiyalent quantity (65 parts by weight) of zinc remains dis- 
solyed in the acid for the 63*5 parts by weight of copper, precipitated on the 
platinum foil or crucible-lid. In this manner the amount of copper present in a 
solution may be determined quantitatiyely. The undissolyed zinc and zinoio salty 

T 
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are Temoyed and the platinnm with its deposit of copper dried and weighed. The 
total weight, minus the previous weight of the platinum, gives the weight of the 
metallic copper. 

It will be readily perceived that this and other similar experi- 
ments furnish valuable illustrations of the atomic theory, and they 
acquire on this account additional interest. 

Great interest attaches, moreover, to these chemical changes, on 
account of the important practical application which they have 
found, of late, in covering metals — mostly the common metals — 
with a thin coating of noble metals (electroplating, silvering, 
platinizing), or in producing solid metallic deposits on properly 
prepared matrices, generally consisting of some' plastic material, 
such as plaster of Paris, gutta-percha, etc. (^electrotype process). 

Pass a voltaic current through a solution of cupric chloride, C11CI2, by means 
of copper electrodes. No chlorine gas is evolved at the positive pole, for it is 
immediately again fixed by its dissolving an equivalent quantity of copper off the 
positive copper electrode. The movement of the molecules of chlorine and copper 
m the solution of cupric chloride cannot be perceived ; it is nevertheless proved by 
the decrease in weight of the positive copper electrode and the increase in weight 
of the negative copper electrode, and we infer from this that the copper is trans- 
ferred from the positive to the negative pole, although we cannot see the change. 
The deposition of metallic copper continues, as long as the positive electrode lasts ; 
and the saline solution in the decomposing vessel retains its original strength thus 
far unaltered. 

If a properly prepared mould or matrix of some object be hung in the metallic 
solution and connected with the negative pole of a voltaic battery, copper will be 
slowly but steadily deposited on the mould, as long as the positive pole is con- 
nected with a sheet of copper, acting as the positive electrode in the bath. The 
copper thus precipitated is immediately restored to the bath by the dissolution 
of a fresh quantity of copper. This mode of depositing copper on moulds or 
matrices by the aia of voltaic electricity is termed the electrotype process. 

Employ a solution of argentic nitrate instead of the solution of cupric chloride, 
and introduce the two copper electrodes into the bath. The negative electrode 
is speedily covered with silver, and an equivalent quantity of copper, t.6., 68'6 
parts by weight, is dissolved from the positive copper electrode, and 216 parts 
by weight ofsilver (2 x 108, silver being a monad element) are deposited on the 
negative copper electrode ; and it results from this, that in the place of the silver 
solution, there must ultimately be left a solution of cupric nitrate. This has 
found a practical application in the silvering (electro-plating) of artistic articles 
made of an inferior metal. 

Copper, like mercury, forms a lower or cvprous oxide, CU2O, in 
which two atoms of Cu are joined by one of their bonds, and are 
also linked to one atom of oxygen ; it is analogous in constitution 
to the important copper ore, CUaS, thus :— 

Mercurous oxide. Cuprous oxide Cuprous sulphide 

{red copper ore), (copper glance). 

Cuprous oxide is a feeble base ; it forms with concentrated 
hydrochloric acid cuprous chloride, CUjCla, which is colourless 
when pure. Other acids decompose it into metallic copper and 
cupric oxide, which latter remains dissolved in the acid as a cupric 
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salt. Gaprons chloride attracts oxygen very rapidly, and is, there- 
fore, a powerful redacing agent. It is used for absorbing carbonic 
oxide. 

To A SOLUTION OP CUPROUS CHLORIDE, CUaCla, in Concentrated 
hydrochloric acid, add 

OH2, a white precipitate of CUaCla is produced. 

KHo gives a yellow precipitate of euprons hydrmte, C1I3H02, in- 
soluble in excess ; it attracts oxygen very rapidly, being converted 
into cupric hydrate. 

KI, in the presence of SOno2, or SOjFeo", precipitates from 
cupric salts greenish white euprous Iodide, C1I3I2, soluble in excess. 
Both sulphurous acid and ferrous sulphate are reducing agents, 
which, by the absorption of oxygen from the cupric salt, are con- 
verted into SOjHoz and S308Fe20^, thus : — 



(1) 2SO2CU0" + 2S02Feo" = SO2CU20" + SaOaFejO^. 

Cupric Cuprous 

Bulpnate. sulphate. 



(2) SO2CU20" + 2KI = CU2I2 + SO2K02. 

Cuprous 



uuprouf 
iodide. 



QUESTIONS AND EXERCISES. 

1. How does copper occur in nature ? 

2. Express in symbolic equations the reactions of copper in the wet way. 

3. Write out the graphic formulee for malachite^ copper glance, azurite, and blue 

vitrioly ammonio-cupric sulphate, cuprous iodide. 

4. Explain what takes place — 

1st. When copper is treated with concentrated NO2H0. 
2nd. „ „ „ SO2H03. 

8rd. ,) „ „ MCI. 

G-iye equations. 

5. Give instances of the oxidizing action of cupric salts. 

6. What action takes place when the polished blade of a knife is plunged into a 

solution of a cupric salt P 

7. How much metallic zinc is required to precipitate 1*5 grm. of copper from a 

cupric solution ? 

8. A sample of iron pyrites which has been used for manufacturing sulphuric 

acid is found on analysis to contain 4*56 per cent, of copper. How much 
metallic iron is required to precipitate the copper from a hydrochloric 
acid solution of a ton of the spent pyrites ? 

9. Explain the electrotype process. 

10. What is understood by nascent hydrogen ? 

11. What is the percentage of metallic copper in malachite ? 

12. How is Cu separated from Ag and Pb ? 

13. How can copper in CuS be separated from bismuth in Bl^Sg ? 

14. What change takes place when metallic copper is heated in air ? 

15. How much hydrogen gas at 0° and 760 mm. pressure) is required to deprive 

10 grms. of ignited cupric oxide of its oxygen, and how much water will 
be obtained ? 

F 2 
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5. CADMIUM^ Cd". — This metal is found in natnre, associated 
with zinc, in certain zinc ores, e.g., zinc blende ZnS. It is of com- 
paratively rare occurrence; only one mineral of cadmium being 
known at present, viz., the extremely rare greenochite, CdS. It can 
be distilled like mercury or zinc. Being more volatile than metallic 
zinc, its vapour distils over first, and burns with a brown flame 
(hrown blaze), Le,, it is converted into cadmic oxide. 

Cadmium dissolves readily in acids with evolution of hydrogen. 
It also resembles the metal zinc in being dissolved by boiling 
potassic hydrate, hydrogen being given off — 

Cd + 2KHo = CdKoa + Hj. 

EXAMINATION IN THE DRY WAT. 

Cadmium compounds, when heated on charcoal in the inner 
flame, mixed with sodic carbonate, give a characteristic brown in- 
crustation, i.e., they are readily reduced to the metallic state ; the 
metal being highly volatile, is reoxidized on its passage through the 
outer flame. Cadmium is recognized with more difficulty, when it 
is in combination with zinc, as for instance in cobdmiiferous blende. 
By heating, however, a mixture of blende and sodic carbonate and 
potassic cyanide, for a few moments only, on charcoal, a slight 
brown incrustation is generally obtainable, before the zinc is volati- 
lized. Cadmic oxide turns the bead of borax or microcosmic salt 
yellowish, whilst hot, colourless when cold. 

REACTIONS IN THE WET WAT. 

We employ A solution of cadmic chloride, CdCla, or sulphate, 
SOaCdo". 

SH2 (sroap reasent) gives from dilute solutions a fins yellow 
precipitate of cadmic sulphide, CdS, insoluble in alkaline sulphides, 
caustic alkalies, or potassic cyanide ; insoluble in cold, but soluble 
in hot dilute nitric and hydrochloric acids ; soluble also in dilute 
sulphuric acid. (Distinction from Copper.) 

SAm2, same precipitate. 

KHo, a white precipitate of cadmic hydrate, CdHo2, insoluble in 
excess. 

AmHo, same precipitate, soluble in excess. 

COAmos (free from AmHo) a white precipitate of cadmic car- 
bonate, COCdo", insoluble in excess. 

OON'ao2, same precipitate. 

KCy gives a white precipitate of cadmic cyanide, CdCy2, soluble 
in excess. Sulphuretted hydrogen precipitates from this solution 
CdS. (Distinction from Copper.) 

Metallic zinc precipitates cadmium from its solutions. 

QUESTIONS AND EXEECISES. 

1. Defloribe three methods of separation of Cd from Cu. 

2. How is Cd separated from Zn ? 

8. How is Cd separated from Pb, Ag, and Bi ? 
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4. How mnch cadmio sulphide can be prepared from 10 grms. of crystallifled 

cadmic sulphate, S02Cdo'^40H2 ? 

5. What takes place when greenockUe is roasted in a glass tube open at both 

ends? 

6. How is the metal cadmium conyerted 1st into oxide, 2nd into chloride, 8rd 

into sulphate ? 

7. How can we extract cadmium from its oxide or sulphide ? 

8. You are requested to convert 10 grms. of cadmic sulphate into cadmic bro- 

mide ; how would jou proceed, and how much CdBr^ should there be 
obtained? 

Separation of the metals of Subdivision A, Oboup II, viz., 

HEBGUBT, LEAD, BISMUTH, COPPEB, CADMIUM, WHOSE SULPHIDES ABB 
INSOLUBLE IN AMMONIC SULPHIDE OB SODIC HTDBATE. 

The precipitate prodnced by the group-reagent SHa, which is 
insoluble in amnionic snlpbide or sodic hydrate, may consist of all 
the five sulphides, or only of one, two, etc. A precipitate of a bright 
yellow colour, e.^., would be indicative of cadmic sulphide only. If 
the precipitate be black, it is necessary to examine for all the five 
metals. 

We have already seen that the sulphides of the metals of this 
subdivision are — 

1st. Insoluble in alkalies and alkaline sulphides, and 

2nd. Insoluble in dilute acids, or nearly so ; but soluble in con- 
centrated acids. 

Concentrated nitric acid (free from chlorine), diluted with its 
own bulk of water, dissolves four out of the five sulphides, viz., PbS, 
BiaSs, CuS, and CdS, with separation of sulphur ; mercuric sulphide 
being soluble only in aqua regia. Hence by boiliug with mode- 
rately concentrated nitric acid (in the absence of HCl), we can 
separate .mercury from the other metals of subdivision A. Concen- 
trated nitric acid converts PbS partially into SOaPbo", by the 
simultaneous oxidation of the sulphur. We should, therefore, obtain 
in the residue HgS, as well as oOaPbo" and sulphur. But as the 
whole of the PbS can be converted into S02Pbo" only by boiling 
with fuming nitric acid, and as SOaPbo" is slightly soluble in con- 
centrated nitric acid, we should not succeed in removing the lead 
entirely as sulphate. This dif&culty is overcome by boiling the 
whole of the sulphides with moderately concentrated nitric acid, 
then diluting with water and adding dilute sulphuric acid (SOsPbo" 
being less soluble in dilute sulphuric acid than in water), and lastly, 
when cold, adding to the solution its own bulk of alcohol (methy- 
lated spirit). A residue is left which may be white, indicative of the 
presence of SOaPbo", or black, from the presence of HgS and sul- 
phur. The solution contains the metals Bi, Cu, Cd. 

Examination of the Residue. — SOjPbo" dissolves readily in 
certain salts, such as ammonic acetate or tartrate. By treating 
the residue, therefore, with a concentrated solution of ammonic 
acetate, we are able to dissolve out the SOaPbo". The absence of 
mercury compounds may be inferred, if no black but only a yellow 
residue of sulphur, is left, and if no mercury has been indicated by 
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the reactions in the dry way. The presence of both lead and 
mercniy should, however, invariably be confirmed by special tests ; 
viz., the lead by means of Cr02Ko2, and the mercury, by heating 
the dry residue in a bulb tube with dry sodic carbonate. 

Examination of the Solution. — We have seen that AmHo 
precipitates BiHos, which is insoluble in excess, whilst CUH02 and 
Cdno2 are likewise precipitated, but are soluble in excess. If a 
white precipitate be obtained on adding AmHo, we infer that bis- 
muth is present. (Should the lead not have been removed entirely, 
some PbHoa would be likewise precipitated) . The precipitate is 
filtered off and well washed, then redissolved in a little hydrochloric 
acid, and precipitated by the addition of water. The ammoniacal 
filtrate is of a fine azure lilue colour, when copper — even in small 
quantities — ^is present. If colourless, and if, by the addition of SH2 
a fine yellow precipitate comes down, we infer that no copper is 
present, but only cadmium. If a black precipitate comes down, on 
passing the gas through the slightly acidulated (HCl) solution, we 
infer the presence of copper and possibly of cadmium. These two 
metals can be separated either by means of KCy (CdS being inso- 
luble in potassic cyanide), or dilute sulphuric acid (CuS being inso- 
luble in hot dilute sulphuric acid). Filter again ; in the one case 
copper is left in solution, in the other cadmium. It is not difficult 
to identify these two metals by special tests. 

The separation of the metals mercury, lead, bismuth, copper and 
cadmium, is therefore based upon : — 

1st. The insolubility of HgS in nitric add, 

2nd. The formation of SOjPbo", amd its solubility vn a/mmonic 
acetate, 

3rd. The insolubility of BiHos m excess of ammonic hydrate. 

4th. The insolubility of CuS m dilute sulphuric acidy or' its solv^ 
bility in potassic cyanide, 

A tabular scheme for their separation is given in the Analytical 
Tables, Table II. 



PRACTICAL EXERCISES AND QUESTIONS ON GROUP n, SUB- 
DIVISION A, AND THE PREVIOUS GROUPS. 

You are requested to analyse — 

1. A saxDple of galena^ in the dry way only. 

2. A hydrochloric acid solution, containing much mercuric and little plumbic 

chloride. 
8. A mixture of the solid salts, blue vitriol, corrosive sublimate, and white 
vitriol, in the dry and wet way. 

4. A mixture of the solid salts, plumbic and bismuthous nitrate, in the dry and 

wet way. 

5. A solution containing much baric chloride and little plumbic chloride. 

6. A solution containing cupric, ferrous, and zincic sulphates. 

7. A solution of cuprie, cadmic, and zincic sulphates, containing 0'50 grm. of 

Cu, '020 grm. of Cd, and '500 grm. of Zn. 

8. An alloy of zinc and copper (brass). 

9. A solution of mercuric, plumbic, and bismuthous nitrates, containing '050 

grm. of Hg, '500 grm. of Pb, and '100 grm. of Bi. 
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10. A sample of copper glance, in the dry way only. 

11. A sample of maiachitet in the dry way. 

12. A solution of plumbic and bismuthous nitrates (to be distinguished by meant 

of CrOjKoa and NaHo). 

13. A solution of plumbic and cupric nitrates. 

14. What takes place when an ore, containing PbS, CMLS, «nd ZnS, is roasted 

in a current of air ? 

15. You have given to you a solution of cupric sulphate, dipotassic tartrate, sodic 

hydrate, and grape sugar? what changes can you produce with these 
materials ? 



Group II. Subdivision B. 

1. TIN^ Sn" and *^. — This metal is found in nature mainly in 
the form of tinstone or cassiterite, Sn02, sometimes combined with 
sulphur, as tin pyrites, SnSs (helUmetal ore), 

examination in tub dry way. 

When tin minerals are fused on charcoal, with CONaoj and 
KCj, in a strongly reducing flame, they yield small globules of tin 
which are malleable, and the charcoal becomes covered with a white 
coating of SnOj. If this white incrustation be treated with a solu- 
tion of cobaltous nitrate, and strongly heated, it assumes a bluish' 
green colour, which is characteristic of tin. 

By introducing into a borax bead — in which sufficient cupric oxide has been 
di£^ed to render the bead faintly blue — traces of a tin compound and heating 
in the reducing flame, the bead turns reddish brown, or forms a ruby- red glass. . 

EXAMINATION IN THE WET WAY. 

Tinstone being insoluble in acids, must be fused with alkaline 
carbonates and a reducing agent, such as potassic cyanide, charcoal, 
or black flux (ignited Bochelle salt), when metallic tin is obtained. 
Tin dissolves slowly in hot hydrochloric acid with evolution of 
hydrogen and formation of SnGU, readily in aqua regia with for- 
mation of SnCU. Nitric acid converts tin into metastannic acid, 
SxiftOeHoio, which by evaporation and ignition is converted into 
SnOa. ICK) parts by weight of metallic tin when thus oxidized, 
are found to increase to 127*6 by weight (atomic weight of Sn = 
118). 

Tin is capa))le of combining either with two, or four atoms of 
chlorine, etc. In stannous chloride, SnCli, the metal exists as a 
dyad, and in stannic chloride, SnCU, as a tetrad element. It is 
capable of forming two series of salts, of oxides, sulphides, etc., viz. : — 

Stannoui compounds. Stannic compounds. 

Sn^'Cls Stannous chloride. 8n'^Cl4 Stannic chloride. 

Sn'^0 „ oxide. Bn^^Oj „ oxide (anhydride). 

SOoSno^ „ sulphate. Bn^^Ss » sulphide. 

j-Q*Sno" „ nitrate. 

Sn^'S „ sulphide. 
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Stannic acid, SnOHox, combines not only with tlie strong alkali 
bases, OK2, ONa2, but even with stannous oxide, SnO, to form 
stanuates, e.^., SnOKo2, dipota^sic stannate, SnOSno", stannous 
stannat'O. 

A. stannous componnds. — A SOLUTION OF STANNOUS CHLORIDE, 
SnCla, is employed. 

SH2 (sroup-reasent) gives a dark hrown precipitate of stannous 
sulphide, SnS, insoluble in ammonia ; nearly insoluble in normal 
ammonic sulphide, but readily dissolved by the yellow sulphide : 
from this latter solution it is reprecipitated as yellow stannic, sul- 
phide, SnSs, on the addition of hydrochloric acid ; it is also soluble 
in potassic or sodic hydrate, from which hydrochloric acid precipi- 
tates SnS unchanged. Soluble in boiling hydrochloric acid. 

SAms gives the same precipitate. Soluble in excess. 

KHo or NaHo gives a white bulky precipitate of stannous 
hydrate, SnHo2, readily soluble in excess to Sl3Ko2 (dipotassic 
stannite). 

AmHo or COAmo2, same precipitate, insoluble in excess. 

By far the most interesting reactions are based, however, upon 
the tendency of stannous salts to become converted into stannic 
salts. SnCU combines with two more atoms of chlorine to become 
converted into SnCl4, whereby the chemical affinities of tin for 
chlorine become satisfied ; and stannous compounds may be 
viewed as unfinished bodies, which can deprive certain other 
bodies of chlorine, oxygen, etc. Expressed graphically, dyad 
tin (or atanriosumf as it is sometimes called) has two bonds 



left unsatisfied or latent, thus : — CI — Sn — CI, whilst in tetrad 
tin (stannicmn) all the bonds are satisfied, thus : — CI — Sn — CI, or 



CI 
0=Sn=0. 

H8rOl2 added to a solntion of SnCl2 produces first a white precipitate of 
mercnrons chloride, HsrsCls, and when boiled with excess of SnClj, yields 
a greyish powder of metallic mercury. 

N02Ago gives with excess of SnCl2 a finely divided black precipitate of 
metallic silver — 

2SnCl2 + 2N03Ago « Agj + Jo^Sno^' + SnCU- 

C11CI2 is reduced by SnCls to cuprous chloride, CU3CI2, with formation 
of SnCU. 

Pe2Cle yields two atoms of chlorine to SnCl2) forming SnCli, and leaving 
two moleciQes of PeCl2« ^l^e yellowish solution turns green. 

AuCls gives with 8nCl2 a purple precipitate {purple of cassius), to which 
the formuhb SnOAu2o'' + SnOSno^' + 4Aq (sometimes viewed abo as Au2 + 
SSnOj), has been assigned. The change may be expressed thus : — 

2Aiias + 8SnCl3 + 6OH2 » Au2 + 8Sn02 + 12B:C1. 

This is a most delicate reaction. 
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B. Stannic eomponnds. — ^A solution of stannic chloride, BnCU, 
is employed in studying tlie reactions of Sn^^ in the wet way. 

SHj (sronp-reavent) gives a yellow precipitate of stannic snl- 
phidCf SnSa, readily soluble in alkaline sulphides, potassic hydrate, 
boiling concentrated hydrochloric acid, and aqua regia; soluble, 
although somewhat difficultly, in ammonic hydrate (Distinction 
FBOM SnS), and nearly insoluble in ammonic carbonate. 

SAm2, same precipitate, soluble in excess. 

KHo or AmHo produces a white precipitate of stannic hydrate, 
SnOHoz, or stannic acid, which is completely soluble in excess, 
forming dipotassic stannate, soluble in hydrochloric acid. 

COAmo2 or CONaoj precipitates white stannic acid, BnOHos, 
soluble in caustic alkalies. 

Stannic chloride furnishes us, moreover, with an interesting pro* 
cess of precipitation, viz., by means of neutral salts, such as sodic 
sulphate, ammonic nitrate (in fact, most neutral salts). Metastannic 
acid (SilsOsHoio) is precipitated on heating, provided the solution 
of stannic chloride be not too acid, thus : — 

SSnCU + 20SOaNaoa + ISOHa = SiisOftHoio + 20NaCl 

+ 20SOaHoNao. 

SSnCU + 20NO»Amo + ISOH, = S1I5O5H010 + 20AmCl 

+ 20NOaHo. 

Metallic zinc precipitates from acid solutions of stannous or 
stannic chloride metallic tin in the form of grey laminsB, or of a 
spongy mass which can be readily dissolved in hydrochloric acid, 
especially by the aid of a piece of platinum foil. 

Metallic tin or copper reduces stannic to stannous chloride, 
thus: — 

SnCU + Sn = 2SnCl2. 

A solution of stannous chloride (containing hydrochloric acid) 
cannot be kept, when exposed to air, without changing rapidly to 
stannic chloride, on account of the great attraction which stannous 
salts possess for oxygen, thus : — 

(1) SnCl, + O = SnO + CI2. 

(2) SnCl, + CI, = SnCU. 

(3) SnO + 2HC1 = SnCl, + OH,. 

Hence granulated metallic tin or pure tinfoil is usually put 
into stannous solutions in order to prevent the formation of stannic 
chloride. 

QUESTIONS AND EXERCISES. 

1. How do you detect a Btannic salt in the presence of a stannous salt P 

2. Give the constitutional and graphic fonnulsB for metastannic and stannic 

adds, stannous and stannic chlorides. 



74 ANTIMONY 

3. How can the correctness of the atomic weight assigned to tin be shown 

experimentally ? 

4. Why does a chemical change take place when SnCl2 and HsrClj are heated 

together ? 

5. Explain the action of chlorine, nitric acid, and air upon stannous salts. 

6. How is Sn separated from Ag ? 

7. How would you analyse an alloy consisting of Pb, Cu, Bi, Sn ? 

8. A tinstone yielded on analysis 77*5 per cent, of metallic tin ; how much SnO^ 

did it contain P 

9. How much chlorine gas by weight and by volume (at 0° and 760 mm.) will be 

absorbed by 10 grms. of SnOl2 ? 
10. Express in symbolic formulss the equations for the reactions, in the wet way, 
of stannous and stannic chlorides. 



2. ANTIMONY, Sb'" and \— This metal is found native; also 
in combination with o:^gen as white antimony, Sb203, but more 
frequently as sulphide, Sb-^Ss (grey a/ntimony), and in combination 
with other metallic sulphides (AgsS, PbS, 'Cu'jS), as sulphanti- 
monite and sulphantimoniate. 

EXAMINATION IN THE DRY WAT. 

On heating metalHc antimony or an antimony mineral, e.^., grey 
antimony, with free access of air, either on charcoal or in a glass 
tube open at both ends, dense white fumes of antimonious and 
antimonic oxides are given off, which condense on the colder part 
of the charcoal or glass tube, thus : — 

SbjSa + O9 = Sb^Oa + 3S0a 

Sublimed. 

All compounds of antimony can be reduced to the metallic state 
when heated on charcoal in the reducing flame, together with 
CONaOj and KCy. A brittle globule of metallic antimony is 
obtained, giving off dense white fumes of Sb^Os (even after the 
withdrawal of the metal from the flame), which thickly incrust the 
metalHc globule with a network of briUiant acicular crystals. 

EXAMINATION IN THE WET WAT. 

Chlorine attacks antimony violently, forming with it SbCla or 
SbCls, according to the proportions of chlorine employed, and 
according to the temperature at which the combination takes place. 
Hydrochloric acid has scarcely any action upon the metal; aqua 
regia dissolves it readily to SbCls. Nitric acid converts it into a 
compound containing SD2O3 and Sb206, insoluble in nitric acid, 
soluble in tartaric add, Orey a/ntim,ony, Sb2S3, as well as SbaSs, 
dissolve in concentrated hydrochloric acid with evolution of sulphu- 
retted hydrogen, the latter sulphide with separation of sulphur. 

Antimony forms two series of compounds by combining either 
with three or five atoms of chlorine, etc., viz. : — 
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Antimonious compounds, Aniimonic compounds, 

Sb'^'Cls, Antimonioufl chloride. SVClg, Antimonio chloride. 

Sb^'jOa, n oxide. Sb^jOj, „ oxide. 

Sb^'aSs, » sulphide. Sb^jSj, „ sulphide. 

Sb"'OHo, Metantimonious acid.. Bb^O^Ho, Metantimonio acid.* 

Both these acids can enter into combination with strong bases, 
sncb as potassa, or soda, to form weak salts, — ^metantimonites and 
metantimoniates, viz. : — 

Sb^'^OEo, Potassic metantimonite. 
Bb^OaKo, Potassic metantimoniate. 
Bb^OgNao, Sodio metantimoniate. 

Sb^02(Sb'"03)', antimony lie metantimoniate, or < /awyf)'* dian- 

timonic tetroxide, is formed when antimonio oxide (obtained by dis- 
solving antimony in nitric acid) is ignited. This componnd is of 
some importance, as it serves for the quantitative estimation of 
antimony. 

A. Antlmonions eompounds. — ^A solution of antimonious chlo- 
ride, SbCls, is employed for the reactions in the wet way. 

SHa (irronp reagent) gives an orange red precipitate of antlmo- 
nions snlphMe, Sb2S3, soluble in alkaline sulphides and in potassic 
or sodic hydrate ; reprecipitated by hydrochloric acid ; slightly 
soluble in ammonic hydrate, insoluble in hydric ammonic carbonate 
and in hydric ammonic or hydric potassic sulphites. It dissolves in 
boiling concentrated hydrochloric acid. 

Temperature and concentration of the reagents produce reciprocal effect«. In 
a dilute hydrochloric acid solution the SbCla exchanges its chlorine in the cold 
for sulphur, with precipitation of SbsSg, whilst hoiling concentrated hydrochloric 
acid diBsolyes SbaSj readily with evolution of SHj. 

SAma produces the san!^ precipitate as SHa, soluble in excess. 

KHo or NaHo precipitate antimoniovs oxide, SbsOs, readily 
soluble in excess, with formation of potassic antimonite. 

AmHo, same precipitate, almost insoluble in excess. 

COAmoa, COKoa, or CONaOa, same precipitate. 

OHa decomposes SbCla, forming a white insoltible basic salt, 
antimonious oxychloride, SbOCl, soluble in tartaric acid. (Dis- 
tinction FROM BISMUTHOUS OXYCHLORIDE, BiOCl). Water, therefore, 
gives no precipitate with a solution of potassic antimonylic tartrate 

rCO(Sb'"Oa)' 

I CHHo 
(tartar emetic) < qtto-q ; &nd alkalies and alkaline carbonates 

LcOKo 
produce a partial precipitation only after some time. 

Metallic Zn, Cu, Gd, Fe, Co, Sn, and Pb precipitate the metal 
in the absence of free nitric acid as a black powder. 

* Orthantimonic acid, SbOHos, and pyrantimonic acid, Sb203Ho4 (said to he 
formed when antimonic chloride is decomposed hy water), are little known. 



76 ANTIMONIOUS COMPOUNDS. 

An exceedingly delicate reaction for antimony consists in preci- 
pitating the metal from a dilate hydrochloric acid solution on 
platinum foil or on the lid of a platinum crucible, by means of a 
small strip of metallic zinc. H and SbHs (antimonietted hydro* 
gen*) are evolved, and the platinum is stained brown or black by 
the deposited metal. Mere traces of antimony can thus be dis- 
covered. The stain is not affected by hot dilute hydrochloric acid, 
but disappears on heating with nitric acid. Tin cannot be precipi- 
tated on platinum. It is precipitated by zinc, and is readily soluble 
in hot dilute hydrochloric acid. 

Compounds containing triad antimony exhibit a tendency (less 
marked, however, than in stannous compounds) to combine with 
more chlorine, etc., and to pass into pentad or antimonic compounds. 
Expressed graphically — 

CI 
^1 .^ \ J, yhas two bonds left imsatisfied or latent, 

whilst pentad antimony in Sb^CU or Sb^OCla (oxy- trichloride), has 
all its bonds satisfied, thus : — 

CI . . ^ 

Antimonic CL I y.Cl , . r«i iu m 

chloride. >^b< «7-*"- Cl-Sb-Cl 

or ^Cl cMonde. J 

Ul 

The following are some of the reactions naturally arising from 
this condition of antimonious compounds : — 

When a current of chlorine gas is passed over solid SbCla, a molecule of 
chlorine is absorbed, and the chloride liquefies, thus : — 

SbCls + a, « SbQIfi. 

Solid liquid 

antimonious antimonic 
chloride. chloride. 

Sodic metantimonite, SbONao, is oxidised, in the presence of sodic hydrate, 
by free iodine, with formation of sodic metantimoniate, SbO^Nao, and NbI, 
mus:— 

SbONao + Is + ZNaJEo » SbOsNao + 2NaI + OH3. 

A hydrochloric acid solution of SbCls reduces AUCI3 to metaUio gold 
(frequently -with separation of SbOsHo), thus : — 

SSbCl, + 2AuCl8 = SSbClfi + Auj. 

Sodic metantimonite is oxidised in an alkaline solution by argentic oxide, 
OAgs, to sodic metantimoniate, argentous oxide, OAg4, being formed, which 
is insoluble in ammonic hydrate, OAgs, being readily soluble. (Distiwotioit 

BBTWEBK SbsOa AJSTD SbsOf.) 



* Of this gas more at page 86. 
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The sereral reactions may be ezpresBed as follows : 

(1) SbCls + 4J^aHo - SbONao + SNaCl -I- 20Hs. 

Sodio 
metantimonite. 

(2) 2NOsAgo -f 2NaHo » OAg, + 2ir02Nao -f OH,. 

Argentic oxide 

(insoluble in NaHo, 

soluble in AmHo). 

(3) SbONao -I- 20Ag, - SbOjNao + 0Ag4. 

Black argentous 
oxide, insoluble 
in AmHo. 

SSONao, (aodle hyvesnlphlte) reduces antimonious compounds to metallic 
antimony, which combines with sulphur and forms SbjSg, thus : — 

SSSONao, + Sb^Os « Sb,Ss + SSOjNao,. 

B. Anttmonle eomponndi. — A SOLUTION OF POTASSIO mbtantimoni- 
ATB, SbOgKo, may conveniently be employed for studying the 
reactions in the wet way. 

This salt is prepared by fusing metantimonio acid, SbOsHo, 
with a large excess of K Ho, in a silver crucible, and dissolving the 
mass in cold water. Fused with caustic soda, a sodio metanti- 
moniate is obtained, which is insoluble in water. 

SbOsKo is readily decomposed by concentrated acids (hydro- 
chloric or nitric), metantimonio acid being precipitated. 

SHa gives fi*om a solution of SbOsHo in excess of hydrochloric 
acid, an orange precipitate of antimonic sulphide, SbjSs, mixed with 
SbjSs and S; soluble in alkaline sulphides, readily soluble in 
ammonic or potassic hydrate ; also soluble in boiling concentrated 
hydrochloric acid, with evolution of SH3 and deposition of S ; only 
very sparingly soluble in cold hydric ammonic carbonate. 

SAma, same precipitate, soluble in excess. 

SOsFeo'' does not reduce antimonic compounds. 

N02Ago, added to an alkaline solution of SbOaKo, yields, for 
obvious reasons, only OAga, readily soluble in ammonic hydrate. 

AjUimanie compounds^ like stannic salts, ca», wnder certain condUiont, also act 
as oxidizing agents, e.g. : — 

On igniting antimonic anhydride, it splits up into Sb204 and oxygen. 

SnCls precipitates SbOHu from a hydrochloric add solution of SbOjHo, 
the SnClj being oonyerted into SnCl4. 

On boiling a solution of SbOjHo in hydrochloric acid with potassic iodide, 
iodine is liberated, colouring the solution brown. (SbClf is in fact frequently 
employed for the purpose of conyeying chlorine to other bodies, both mineral and 
organic.) Iodine is set free, because SbCls, on being heated, together with 
2KI, forms SbCls -f I3 + 2KC1. The Uberated iodine is readily recognized by 
means of starch paste, when the highly deUcate and characteristic blue iodide of 
starch reaction is obtained. (Distinction between antihoniovb and anti- 
monic COMPOUNDS.) 
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QUESTIONS AND EXERCISES. 

1. How is antimoniouB obloiide prepared? What change does it undergo 

-when water is added to it ? 

2. How can the metal antimony be obtained from grey antimony ore 1 

3. By what characteristic reaction can antimony compounds be recognized when 

examined in the dry way ? 

4. What is the action of concentrated nitric acid upon metallic antimony? 

Explain the change by an equation. 

5. How can you distinguish between antimonious and antimonic compounds ? 

6. Explain the action of Zn or Fe upon a solution of SbCls. 

7. What evidence have we to show tiie triad and pentad nature of Sb ? 

8. Give illustrations of the reducing action of antimonious compounds, e.g.^ anti- 

monious chloride. 

9. Giye instances of the oxidising action of antimonic compounds, e.g.^ metanti- 

monic acid. 

10. State how you would separate Sb from Sn, in the wet way. 

11. How can Sb be separated from Bi ? 

12. Express by symbolic equations the reactions for antimony in the wet way. 

13. Calculate the percentage composition of white antimony and antimonious 

oxychloride. 

14. 1 grm. of a sample of grey antimony yielded on analysis *854 grm. of Sb304 ; 

what per oentage of antimony does the ore contain ? 

15. How would you separate Sn from Sb, in the dry way ? 

16. How much Sb204 by weight will 1-32 grm. of metallic antimony yield ? 

17. How much chlorine by weight and by volume (at 0° C. and 760 mm.) is re- 

quired to convert 10 grms. of SbCls into SbCI^ ? 

18. How much oxygen gas by weight and by volume (at 0° C. and 760 mm.) can 

be obtained by igniting 5 grms. of SbjOs ? 

19. Describe the preparation of potassic metantimoniate. 

20. How much Pb and Sb have to be employed to prepare 50 lb. of type metal, 

an alloy having the composition Fb4Sb ? 



3. ARSENIC^ As'" and ^-— This body constitutes one of the 
most widely diffused elements in nature. It is found tiative, but 
exists most frequently in combination with sulphur as realgar, 

{AsS" 
Aa^"» or diarsenious disulphide, and as orpimenty AS2S"8, or 

arsenious sulphide (sulpharsenious anhydride) ; in combination with 

{"As' . f 'A8"Ni 

// A^/Ni, copper nickel, < / Aa'/-w-i 

{"As' 
// A^/Co. Arsenic acts in some of these mineral 

bodies more like a metalloid than a metal. Metallic arsenides are 

frequently found in combination with metallic sulphides, such as the 

sulphides of Ag, Fe, Ni, Co, Cu, etc., as in the common mineral 

. . f "As' 

mispickel, or arsenical pyrites, < // a g/Fe",Pe*^S2, in nickel glance or 

{"As' ... f "As' 

// A^fN'i",Ni*^S2, and in cobalt glance i ffKQf^o'\ 

00*^82- Arsenic occurs also in the form of metallic arseniates, such 
as calcic, magnesic, nickelous, cobaltous, plumbic arseniates ; for 
example, in the mineral pharmacolite, A820sCao"2, 6OH2 (calcic 
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pyrarseniate), in nickel ochre, AB20J^Wzj9O1EL2, in cobalt bloom, 
i!LS,O80oo"s,8OH«, and in mimetesite, 3(AB80aPbo"8),PbCl,. 

Traces of arsenic are almost inyariablv found in commercial sulphur, iron, 
copper, tin, and antimony. On account of the solubility of its oxides, arsenic is 
sometimes found in mineral springs and in the ochreous deposits firom mineral 
waters. 

EXAMINATION IN THB DRY WAT. 

Arsenic can be completely volatilized. When heated in contact 
with air, either on charcoal or in an open tnbe, it bams and forms 
arsenions anhydride, ASjOs, giving off at the same time a peculiar 
and most characteristic garlic odour. Arsenical compounds give 
the same indications when heated by themselves, on charcoal in the 
reducing flame, and on the addition of sodic carbonate and potassio 
cyanide, whether the arsenic be present ais arsenite or arseniate. The 
blowpipe experiments should be performed with great precaution, 
since arsenical fumes .are 
poisonous. The reaction 
being so very delicate, 
small quantities only of 
tbe substance should be 
operated upon. 

When arsenical compounds 
are heated in a bulb-tube. Fig. Fio. 8. 

8, a, mixed with a proper re- 
ducing agent (such as sodic carbonate and charcoal powder or black-flux), 
metallic arsenic sublimes and is deposited in the shape of a lustrous steel grey 
mirror, b, in the upper part of the tube. 

EXAMINATION IN THB WET WAY. 

Chlorine attacks arsenic violently, forming a highly poisonous 
liquid, arsenious chloride, AsGls. Hydrochloric acid does ^ot act 
upon arsenic ; nitric acid oxidizes it to arsenious and arsenic aeids, 
according to the concentration of the acid. 

Arsenic forms two oxides, sulphides, etc., and two well characterized 
series of salts, arseniies and arseniates. 



A, Arsenious compounds. — ^We may employ either a solution 
OF ARSENIOUS ANHYDRIDE, As203, in dilute hydrochloric acid, or an 
AQUEOUS SOLUTCON OP AN ARSENITE, AsKos (tripotassic arseuite). 

SH2 (ffronp-reasent) produces in an acid solution of AS2O3 
a lemon yellow precipitate of nrsentons sulphide, AS3S3, readily 
soluble in caustic alkalies, in alkaline carbonates and sulphides 
forming alkaline arsenites and sulpharsenites ; it is reprecipitat«d 
from any of these solutions on the addition of dilute hydrochloric 
or nitric acid. It is nearly insoluble in concentrated hydrochloric 
acid, even on boiling; but soluble in nitric acid. On digesting 
freshly precipitated arsenious sulphide in a solution of hydric 
potassic sulphite, SOHoKo, and excess of sulphurous acid, the yellow 
precipitate is dissolved, and the solution contains potassic metar* 
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senite, and potassio hyposnlpliite, after driving off the excess of sul- 
phurous acid by evaporation, thus : — 

2AS2S3 + I6SOH0K0 = 4A.sOKo + 6SSOK0, + S3 + 7S0a 

+ 80H,. 

SAm2, same precipitate soluble in excess. 

N02Ago produces from a solution of a neutral arsenite, or from 
a solution of As203 in water, rendered neutral by cautiously add- 
ing ammonic hydrate, a yellow precipitate of trlarsenttc arsentte, 
AsAgOs, readily soluble in ammonic hydrate, ammonic chloride, 
or nitric acid. The ammoniacal solution of AsAgOs and OAgj is 
decomposed on boiling, with separation of metallic silver and for- 
mation of trlarsrentlc arsenlate, A80Ag03, thus : — 

AsAgOs + OAg2 = AsOAgOs + Ag2. 

Soluble in Soluble in Soluble in Blaek 
AmHo. AmHo. Am Ho. precipitate. 

SO2OU0'' produces a characteristic yellowish green precipitate of hydrlc 
cnpric arsentte, AsHoCuo'' (Scheele** green), from a solution of tripotassic 
arsenite, readily soluble in ammonic hydrate, ammonic chloride, or nitric acid. 

S02Mgo" giyes no precipitate in the presence of free ammonic hydrate and 
ammonic chloride. 

Beinsch^s test. — Arsenic is precipitated on a strip of clean metallic 
copper, immersed in a hydrochloric acid solution of ASjOs, in the 
form of a grey film of As^Cus, from highly dilute solutions, espe- 
cially on heating. The film peels off in black scales if the solution 
contain sufficient arsenic. The presence of the metal should be 
confirmed in the dry way, especially as antimony is also precipitated 
by metallic copper under similar conditions. 

Arsenious compounds exert a powerful reducing action, when 
brought together with bodies that are capable of parting with 
oxygen, chlorine, etc. This property is even more marked in 
arsenious than in antimonious compounds. Triad arsenic com- 
pounds, containing two unsatisfied bonds, give rise to numerous 
interesting reactions, thus : — 

AuCls (anrlc ctalortde) produces from an acid solution of A83O3 a preci- 
pitate of metallic gold, and the reaction is so accurate that the amount of 
arsenic can be determined quantitatively from the weight of the precipitated 
gold. 

Two atoms of Au (2 x 196*7) « three atoms of As (3 x 75). 

4AuCl8 + SAssOg + I5OH2 » 6A8OH08 + Au4 + 12HC1. 

Chlorine water, or compounds capable of yielding chlorine, such as a solution 
of bleaching powder, or of sodic hypochlorite, ClNao {Eau de Javelle), oxidize 
AbjOs rapidly, thus : — 

A83O3 + 2GI3 + 50H2 » 2A80Hos + 4HCI. 

Iodine, dissolved in a solution of potnssic icdide, likewise converts a solution 
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of AssOj, diesolyed in excess of hydric sodio carbonate, into Aafi^, with forma- 
tion of an alkaline iodide, thus : — 

AsHoNaoa + 200HoNao + Ij « AaOHoNa02 + 2NaI + OHj + 2008- 

Chlorine, iodine, and bromine act as oxidizing agents by decomposing water 
or a metallic oxide. Thoy form, with the hydrogen, HCl, HI, HBr, or with a 
metal the corresponding haloid salt, and the oxygen is transferred to the 

The oxidizing action of OAgj, upon AsAgOs in an ammoniacal solution has 
already been noticed. 

An analogous change is produced by cupric oxide in the presence of potassic 
hydrate. On adding to a strongly alk^ne solution of tripotassic arsenite a few 
drops of cupric sulphate, and applying a gentle heat, the blue solution deposits a 
red precipitate of cuprous oxide, OUjO, and leaves tripotassic arseniate, AbOKos, 
in solution. (Distinctiok bbtwben As^Os akd A83O5.) 

The deoxidizing action which arsenious compounds exert upon the higher 
oxides of chromium (chromates) and manganese (manganates and permanganates), 
has already been described, pages 43 and 29. 

B. Arsenic Gomponnds. — ^We employ AN aqueous solution op 

TRIPOTASSIC ARSENIATE, AsOKog. 

SH2 gives scarcely any precipitate from an acidulated solution 
of AsOKoa, until the solution is heated, and a current of gas passed 
through for some time. It is difficult to effect complete precipitation 
even then. The precipitate consists of arsenious sulphide and sulphur. 
It is preferable to reduce the A82OS first to AS2O3, by a more power- 
ful reducing agent than SH2, for example, by sulphurous acid, or 
an acid sulphite, such as SOHoKo or SOHoAmo — 

AsOKos -f SOH02 -f ASK03 -f- SO2H02, 

whence sulphuretted hydrogen precipitates the arsenic readily as 
arsenious sulphide. 

N 02 Ago gives a reddish hrcnvn precipitate of trtaiv«nttc araenlate, 
AsOAgOs, soluble in ammonic hydrate and in nitric acid. 

S020uo^^ produces a pale greenish blue precipitate of hydrle cnpric 
arseniate, AsOHoCuo", soluble in ammonic hydrate and nitric acid. 

S02Mgo", in the presence of ammonic chloride and ammonic 
hydrate, gives a wliite crystalline precipitate of ammonie masnestc 
arseniate, AsOAmoMgo" (distinction op A82O3 from A82O6). 

FosCl^ gives a yellowish white precipitate of ferrle amentate, A8202Fe20^^ 

OH \ 

00 ^y 2Pbo'' (plnmbtc aectate) gives & white precipitate of trlplumbtc 

arseniate, A8302Pbo''s- 

MOgAmos (amnionic molybdatc), dissolved in nitric acid, gives 9l yellow 
precipitate of arsenio-antmonic molybdate. 

Metallic copper does not precipitate metallic arsenic from dilute 
acid solutions of A820s ; but on adding concentrated hydrochloric 
acid, and heating, a grey film of ASjCus is obtained (distinction 

between ASsOs and ASaOft). 

Arsenic as well as arsenious compounds are capable of oxidizing 
other bodies, and become themselves reduced either to a lower oxide 
{sulphide) y or to the metallic state, 

Q 
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REDUCTION OF ARSENICAL COMPOUNDS, ETC. 




Sulphurous acid reduces arsenic to arsenious acid. 

SSONao3 (sodic liypoBUlplitte) depriyes areenious acid of its oxygen, and 
oonyerts it into As^Sg, thus : — 

2A8H03 + SSSONaoa « AsaS, + SSOjNaoa + 8OH2. 

Carbon reduces both Oxides of Arsenic to Metallic Arsenic. — ^A frag- 
ment of arsenious anhydride (white arsenic) is placed in the pointed 
end, a, of a hard glass tube drawn out before the blowpipe, as seen in 

Fig. 9. A splinter of 

well ignited charcoal is 

^^^ ^^^^ next placed in the nar- 

"b ^^^^^^38i^^^ row part of the tube, at 

&, somewhat above the 
fragment of the arse- 
nical compound. Thifl 
charcoal is heated oyer 
a ga« flame or the fliime 
of a spirit lamp. When 
the charcoal is well 
ignited a second flame 
Fw* •• is applied to the lower 

end of the tube in order 
to Yolatilise the arsenical compound, the vapour of which, on passing 
over the glowing charcoal, is deprived of its oxygen, and metallic 
arsenic is deposited in the form of a shining black mirror on the 
inside of the tube, above the charcoal at c. The reaction takes 
place according to the equation : — 

2A82O8 + 3C = AB4 + 3C0a. 

This test is very delicate. Arsenic, in the form of an arsenite or 
arseniate, is liberated by mixing perfectly dry charcoal powder, or 
black-flux, with the dry substance, previous to its introduction into 
the drawn out portion of the tube, which for this purpose has a 
small bulb blown at its lower end. The sublimation of metalUc 
arsenic is accompanied by the characteristic garlic odov/r, 

KCy reduces arsenical 
compounds— oxides as well 
as sulphides — ^with forma- 
tion of potassic cyanate or 
sulphocyanate. A mixture 
of potassic cyanide with 
Flo. 10. the arsenical compound is 

heated in a bulb tube, a 
(Fig. 10). Metallic arsenic is deposited at h. 

The changes are expressed as follows : — 

2AS2O3 + 6KCy = 6CyKo -f As*. 

Potassic 
cyanate. 

2ABjS3 + 6KCy = 6CyKs -f As*. 

Potassic 
sulphocyanate. 




REDUCTION OF ARSENICAL SULPHIDES. 
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But since poUaeic cyanide oontainB potauic cf anktc, lu veil as potasBic car- 
bonate (iU oompoaition ma; be eipresBed bj the formula 6KC; + C;Eo + 
xOOKo^, a portion onlj of the arsenic in AsjS, is oblained in the metalJio 
form, and a sulpharaaniato is formod wliich ie not reduced by potasBic cjanide. 
On mixing the sreetiious Bulpliide with sulphur, the nhole of the arsenic remains 
behind in tho fused mass, ae sulpharsuniatc, and no metallic deposit ie obtained. 
(In the preJHnce of aulphidee of Fb, Cu, kg, Aa, Wi, Co, Fe — as, e^., of FsSj, 
in arimicalpgnlei,'HlSt,ianickel glance— vhic'a are reduced to the metallio 
state b; tlie action of potassic cyanide, Bcsroely any srsenicol mirror is obtained, 
because the Uberated metallic arsenic — a portion onlj of the arsenic being liberated 
— would immediately alloy itself with tliemelals.) These chan;^es are expressed 
by the equations : — 



The reduction is generally eS'ected bj mixing dry arsenious sulphide with one 
part of potassic cyanide and three parts of sodic carbonate, and introducing the 
miaure into a piece of combuslJon tube, C, drawn out to a point, as seen on a 
larger scale in Fig. 11. A slow current of carbonio anhydride generated from 



m 




marble and hydroohloric acid in (he flask A, Fig. 12, and dried by pagtring 
through b into the flask B, containing iwn'cntrated sutpburic acid, and out 
through the delivery tube r, in passnl otit the miitiirc in (he tube C, heated at 
first gently, till all the moisture baa been driven oul, and then etrongly Ia fusion, 
— when a mirror of metallic arBenic collects in the neot of the drawn-out tube. 

The reaction has tbia adiantage, that no antimony mirror is obtained in the 
same way. 

In order, howeier, to avoid miaaing tho arsenic, either altogether or obtaining 
only aportion of it, as staled aboTe, it ie preferable to treat the arsenious sul- 
phide with a few drops of concentrated nitric acid, and to evaporate with a Uttle 
snlphuric acid (in order to deoompoee any metaUio nitrates, if present). The 
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sulphuric acid is next neutralised with sodic carbonate, and the mass thoroughly 
dried, before mixing it with potassic cyanide and reducing it as described. The 
fused mass retains tlie antimony, and a good arsenical mirror is obtained, pro- 
yided no lead, copper, or other reducible metals were present. 

Arsenious and arsenic acids are both reduced by nascent hydro- 
gen, which combines with the oxygen of the arsenical oxides to 
form water, whilst the arsenic in its nascent state, or the very 
moment it is liberated from the oxygen, combines likewise with 
hydrogen to form a gaseous compound of arsenic, called arsenietted 
hydrogen (arsenious hydride) — As'"H3. This gas is obtained pure 
by acting with dilute sulphuric acid upon an alloy of zinc and 
arsenic. The zinc takes the place of the hydrogen in the acid, and 
arsenietted hydrogen is liberated, thus . — 

ASjZns + 3SO3H02 = SSOaZno" -f 2ASH3. 

Arsenietted hydrogen is an exceedingly poisonous gas, and the 
student should on no account attempt to prepare it pure. Its 
properties may be studied equally well in a mixture of the gas with 
much hydrogen. 

The experiment should be conducted in a closet, connected with 
a chimney or flue, where a good indraught of air can be obtained. 
Arsenietted hydrogen possesses a very nauseous odour, and bums 
with a peculiarly livid bluish flame, when the jet of hydrogen and 
arsenietted hydrogen gas is lighted, owing to the combustion of 
arsenic to arsenious anhydride which rises in white fumes. 

G-enerate hydrogen in a flask, a, Fig. 13, from pure zinc (free from arsenic) 
and pure dilute sulphuric acid. Dry the gas by passing it oyer calcic chloride 
and connect the drying tube, 6, with a piece of hard glass tubing, c, drawn out 
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to a jet. The hydrogen gas may be ignited at the jet, (u soon a» U hag duplaced 
the air in the generating flacky a, and drying tvhey b. It bums with an almost 
colourless flame if the zinc and acid are pure. On introducing a few drops of an 
arsenious or arsenic acid solution through the Amnel-tube, the flame is seen to 
change to blue, and on holding a piece of porcelain (e.g., a dish, or the lid of a 
porcelain crucible) into the flame, a black mirror or deposit of metallic arsenic is 
obtained. Or the metal may be collected — by heating the glass tube through 
which the arsenietted hydrogen passes^in the form of a metallic ring, d, which 
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depoaita within the tube immodlBtel; behind tlie ipot whera the glus ii lieat«d. 
The hydrogen Bhould not bo generated too rapidly, if a good ring is to be obtained. 
The mirror maj be driven on to e b; gradiially moving the flame from c 
tovarde d. 

Several anenical mirrora maj be obtained if a long piece of narrow combiu- 
tion tube, Fig. 14, be employed, whith baa boon contrectod in Borenil ]ilaoe« by 




drawing it out in the flame of a blowpipe. Areeniettod hydrogen is generated 
in the flaek, a, and passing through b, the drying tube, c, and combustion tube, H, 
isaues from the drawn-out jot, where it can be burnt. The tulje, d, ia heated in 
one or in Bereral places, juBt before the several drawn-out narrow parte. An 
arsenical mirror ia obtained a little behind tlie heated part of the tube, aa seen in 
Fig, 14, Little or no areenietted hyilrogen neod tbua esoape from the Jet, 
espeoially if a slow current of hydrogen be generated. 

The deposition of areenic in the tube or on the cold porcelaia 
arieps from the decomposition of the araenietted hydroc^en, which, 
at a high lemperatore, is broken ap into arsenic, which in deposited, 
and hydrogen, which paesee on and hnme at the jet. The decom- 
position which takes place when a cold piece of porcelain is lowered 
into the flame, ia readily explained, if we remember what takes place 
when some cold porcelain is held in a. candle or gas flame. We ob- 
tain a deposit of soot (finely-divided carbon from the hydrocarbons), 
becanise the combustion is disturbed, and the temperatore of the 
flame suddenly lowered. The flame can only bum where it ia in 
contact with air, i.e., on the outside. The areenietted hydrc^en on 
passing through the inner portion of the flame, is decomposed by the 
heat into arsenic vaponr and hydrogen gas ; the latter escapes 
through the outer portion of the flame, and ia burnt, arsenic being 
deposited on the cold porcelaliL surface. The decomposition of 
areenietted hydrogen takes place, even if very little of the gas be 
ntixed with much hydrogen gas, and this test — known as Marsh's 
test — is therefore extremely dsliccfte. 
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It is of paramount importance that both zinc and sulphnrio acid should be 
tested first. This is done by generating hydrogen, and allowing the gas to 
escape by itself for some time, through the combustion tube ignited in several 
places. 

Care should also be taken to avoid introducing nitric acid, since arsenietted 
hydrogen is readily decomposed by this acid. It is therefore preferable to dis- 
solve arsenical compounds in hydrochloric acid, with the addition of a few 
small crystals of potassic chlorate, and to heat gently till no more chlorous odour 
is observable. 

Tlie metal antimony forms with nascent hydrogen a combustible 
gas analogous to arsenietted hydrogen, called antimonietted hydrogen 
(antimonioas hydride), SbHa. It is prepared by acting with dilute 
sulphuric or hydrochloric acid upon an alloy of three atoms of zinc 
and two atoms of antimony, thus : — 

SbjZns + 3SO2H02 = SSOjZno" 4- 2SbH3. 

Mixed with hydrogen gas it is obtained by introducing into a 
hydrogen apparatus a few drops of an antimony solution (SbOls, 
Sb02Ko, or tartar emetic). The hydrogen flame turns at once 
bluish-green, and white fumes of antimonious oxide, SbjOs, a-scend 
into the air. The gas has no odour and is not poisonous.* On 
depressing a cold piece of porcelain into the flame, metalHc anti- 
mony is deposited, and on heating the combustion tube, as in the 
case of the arsenic experiment, the gas is likewise decomposed into 
metallic antimony, which collects in the narrowed portions of the 
tube and forms a dull black mirror^ and hydrogen, which escapes 
and can be burnt at the jet. 

Since both arsenic and antimony- produce a metallic mirror, such 
mirror may be due to either metal or to a mixture of the two metals 
(in which case, however, the more volatile arsenic is deposited 
ftirther away from the flame, and a part of the antimony is found 
anterior to the spot where the glass tube is heated), and it is obvious 
that we must make further experiments in order to distinguish the 
arsenic from the antimony in the mirror itself. 

This can be done very readily — 

1st. By adding to the mirror obtained on cold porcelain a concentrated solu- 
tion of bleaching powder, or of sodic hypochlorite \eau de Javelle) ; or by simply 
exposing the mirror to chlorine gas, evolved by treating a little bleaching powder 
with dilute hydrochloric acid : the arsenical mirror is speedily dissolved ; antimony 
only after some lengthened exposure, thus : — 

Asj + 5ClNao = A82O5 + 5NaCl. 

2nd. By passing a very slow current of dry sulphuretted hydrogen through 
the glass tube, containing the arsenic and antimony mirror, and applying a gentle 
heat. The metals are converts into sulphides — arsenic into lemon-yellow arse- 
nious sulphide, and antimony into a black or partly orange-red antimonious 
sulphide ; and, if both metals are present, the two sulphides appear side by side ; 
the former somewhat in front of the latter, arsenious sulphide being the more 
volatile of the two sulphides. On passing next a current of dry hydrochloric 
acid gas without the application of heat, antimonious sulphide disappears 
entirely, being converted into antimonious chloride, which volatilizes in the 

* The evidence on this point appears to be doubtful. 



SEPARATION OF ARSENIC PROM ANTIMONY. 87 

ourrent of hydrochloric acid gas, and may be passed into water and tested by 
means of sulphuretted hydrogen. Arsenious sulphide remains unaffected, even 
if the hydrochloric acid gas be passed over it for some time. The residuary arse- 
nious sulphide dissolves readihf in hydrio ammonic oarhoncUey OOHoAmo. 

Antimonietted and arsenietted hydrogeix can moreover be distinguished from 
each other by passing a slow current of the mixed gases into a solution of 
argentic nitrate ; argentic oxide, acting the part of an oxidizing agent, conyerts 
arsenietted hydrogen into arsenious acid, thus : — 

AaHs + GKOaAgo •*- 3OH3 »= Ag^ + AbHoj + eiTOsHo. 

Antimonietted hydrogen is not acted upon in like manner. The oxidation 
extends only to the hydrogen and not to the antimony, the metallic silver taking 
the place of the hydrogen, thus : — 

SbHs + SKOsAgo » SbAgs + SNOsHo. 

The arsenious acid is separated by filtration from the insoluble SbAgg and 
Ag. On cautiously adding to the filtrate a dilute solution of ammonic hydrate, 
^yellow precipitate of trlarventic arsenite is obtained, where the two layers 
of the ammonic hydrate and acid solution meet. 

The residue is boiled with a solution of tartaric acid, when the antimonious 
argentide is acted upon with formation of soluble antimonious tartrate (?), silver 
being left behind. Filter ; acidulate the filtrate with dilute hydrochloric acid, 
and pass sulphuretted hydrogen. An orange precipitate indicates antimony. 

QUESTIONS AND EXERCISES. 

1. Which are the most important natural compounds of arsenic ? 

2. Translate into graphic formulie the symbolic formula of realgar^ orpiment, 

copper nickelj smaltiney nickel ochre. 

3. Adduce evidences of the triad and pentad nature of arsenic. 

4. What changes does metallic arsenic undergo when heated, 1st, by itself, in a 

current of a neutral gas (OO2 or H) ; 2ndly, in contact with air ; Srdly, 
in contact with chlorine ? 

5. How is metallic arsenic obtained from white arsenic ? 

6. How can arsenious compounds be distinguished in the presence of arsenic 

compounds ? Give several methods. 

7. What action has sulphuretted hydrogen upon an acid solution of arsenious 

and upon a solution of arsenic acid ? 

8. Express by an equation the reaction which takes place when arsenious 

sulphide is dissolved ; 1st, in NaHo ; 2ndly, in SAmj ; 3rdly, in 
OOHoAmo. 

9. What precipitates are produced when argentic nitrate is added to a neutral 

solution of an arsenite, or arseniate ? 

10. Why is triargentic arsenite, in an anunoniacal solution, converted on boiling 

into triargentic arseniate ? Express the change by equations. 

11. What is the action of magnesic sulphate in an anmionia^ solution (so-called 

moffnesia mixture) upon arsenious and arsenic solutions ? 

12. G-ive a few instances of the reducing action of arsenious compounds. Ex- 

press the changes by equations. 

13. Explain the oxidizing action of chlorine, bromine, and iodine upon arsenious 

compounds. 

14. What takes place when metallic copper is introduced into a dilute hydro- 

chloric acid solution: 1st, of AbjOs; 2ndly, of A83O5 (Beinsch's 
test)? 

15. Explain under what conditions arsenic, as well as arsenious compounds, act 

as oxidizing agents. Give examples, and express the changes by equa- 
tions. 

16. Explain why a portion of the arsenic only is liberated, when an arsenical 

sulphide is heated with potassic cyanide. Give equations. 
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17. Explain how the presence of free sulphur, or the presence of certain metallic 

sulphides influences the reduction of arsenical compounds by potAssic 
cyanide. G-ive equations. 

18. Explain the reduction of arsenical compounds by nascent hydrogen (Marsh's 

test), and show by equations the formation of arsenietted hydrogen. 

19. What change does arsenietted hydrogen undergo : 1st, when burnt in the 

air ; 2ndly, when passed through a tube heat«d in one or more places ; 
3rdly, when passed into a solution of argentic nitrate ; 4thly, when passed 
through concentrated nitric acid ? 

20. Explain the formation of antimonietted hydrogen and state — Ist, what pro- 

perties arsenietted hydrogen has in common with antimonietted hydro- 
gen ; and, 2ndly, how it differs from the latter in its chemical deporbnent 
with argentic nitrate. 

21. How would you distinguish between an arsenic and antimony mirror ? 

22. State how arsenic can be separated — 1st, from antimony, 2ndly, from tin. 

23. 1*2 grm. of finely divided gold has been obtained by boiling a solution of 

arsenious acid with auric chloride : how much A83O3 by weight did the 
solution contain? 
2i. Calculate the percentage composition of ammonic magnesio arseniate, 
(AsOAmoMgo" + 6Aq.). 



4. GOLD^ An' and'". — Qold is generally found native and is 
then readily recognised by its colour, malleability, and physical 
character generally. Gold occurs in anything like considerable 
quantities in combination only with the rare element tellurium. In 
small quantities it occasionally accompanies metallic sulphides. 

EXAMINATION IN THE DRY WAT. 

When heated on charcoal with sodic carbonate and borax in the 
reducing flame, gold compounds yield a yellow, very malleable 
globule of metallic gold. 

To detect gold in argentiferous minerals in which it is present only in minute 
quantities, and associated with large quantities of other non-volatile metals, the 
powdered mineral is fused with borax and metallic lead, and the metallic button 
cupelled, as will be described under silver. The globule of white metal which is 
left on the cupel is beaten out, and the silver dissolved by digesting with a 
little nitric acid in a small porcelain dish. The argentic nitrate is poured off, 
and the gold washed with distilled water. The black insoluble residue is once 
more fused on charcoal before the blowpipe, when it assumes the well-known 
appearance of fine gold. 

Old silver coins frequently contain a small quantity of gold, which, on dis- 
solving in nitric acid, is left as a black powder. 

When an insufficient quantity of silver is present in the button (which may 
be inferred from its pale-yellow colour), from two to four times its own weight 
of silver should be fused up with it, and the button so obtained beaten out and 
then treated with nitric acid in order to separate or " part " the gold. — Method 
of assaying gold. 

EXAMINATION IN THE WET WAT. 

Gold when unalloyed is soluble in aqua regia only, forming a 
SOLUTION OF AURIC CHLORIDE, AUCI3, which maj be employed for 
studying the reactions in the wet way. 

SH2 (ffronp-reasent) gives from a cold solution a block preci- 
pitate of auric sulphtde, All3S3, from a boiling solution, a hrowmsh 
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{"Au' 
MA„'S". These precipi- 
tates are insoluble in hydrochloric and nitric acids, bat dissolve in 
aqna regia. They are likewise insoluble in normal amnionic sul- 
phide, but soluble, although with difficulty, in yellow sulphide, more 
readily in yellow sodic sulphide, with which tlioy form a sulpho-salt, 
AuNass. 

SArag and SSONaog, same precipitjite. 

KHo or NaHo produces no precipitate. 

AmHo produces from a concentrated solution of auric chloride a 
reddish yellow precipitate of aniinonic aurate or fiilmlnattng sold, 

(NH3):rAu203, = N^H^HoAu^* *^°® '"" 

2AuCla + 8AmHo = (NH3)2Au.,03 + fiAmCl + SOH,. 

The detection of gold is attended with no difficulty, owing to 
the facility with which auric chloride is reduced to the metallic 
state. Gold has little affinity for non-metallic elements ; the com- 
pounds which it forms with them are readily broken up by heat 
alone, or on being brought in contact with bodies which have more 
affinity for the metalloids, leaving metallic gold in a finely-divided 
condition, as a brown powder, which acquires metallic lusti*e when 
dried and rubbed in a mortar. Hence in auric chloride we possess a 
powerful oxidizing agent, as we have already seen under tin, anti- 
mony, and arsenic. The same oxidizing action is called into play, 
when AuCls comes together with solutions of sulphurous and oxalic 
acids, ferrous sulphate, or chloride, cuprous chloride, dissolved in 
hydrochloric acid, mercurous nitrate, potassic nitrite, sugar in an 
alkaline liquid, and many other organic substances (e.g., the epider- 
mis) ; arsenietted, antimonietted, and phosphoretted hydrogen 
decompose AUCI3 likewise. 

The following equations express these changes :-— 

(1) 2AUCI3, when ignited splits up into Auj + 301]. 

(2) AugSa, „ „ „ Auj + S3. 

(3) 2AUCI3 + dSOHos + 3OH2 »= Aus + 3SOsHo2 + 6HC1. 

(4) 2AUCI3 + SJ^^^^ = Au2 + 600j + 6Ha. 

(5) 2Aua3 + 6FeCls » Auj + dFosCle 

(6) 2AnCl3 + esOjFeo" =- Auj + FejCl^ + 2BnOJ^eio^K 

(7) 2AaCla -1- 30tL,Ol2 » Au, + GOuCls. 

(8) 2Aua8 + 323*^g2o" «= Au, + 8 J^^go" + 3Hs01s. 

(9) 2AuCls + 3NOKo + 30H, = Au, + 8NO,Ko + 6HC1. 

(10) 2AnCl8 + 2ASH3 + 80Ha = Au, + 2ASH03 + 6Ha. 

(11) 2AnCl3 + SbH3 = Au, + SbCl3 + 3HC1. 

In the analysis of a solution containing gold, as well as some 
other metals of Grroup II, precipitable by SH2, it is usual to first 
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remove the gold in the metallic state, by boiling with oxalic and 
hydrochloric acids, before passing SH2. The precipitated gold is 
collected on a filter and fused to a button on charcoal. 

Gold is precipitated from a hydrochloric acid solution of AuCls 
by most metals, even by Pt, Ag, and Hg. 



QUESTIONS AND EXERCISES. 

1. How would you treat a silver coin containing a small quantity of gold, in 

order to extract this latter metal from it ? 

2. How is AuOls prepared ? 

3. Describe how pure metallic gold is prepared from Aa01s« in the wet way. 

4. Explain the change which AujSs undergoes, Ist, when gently heated in a 

bulb tube ; 2ndly, when heated in a tube open at both ends. 

6. What reaction takes place when AuCls is brought together with bodies 

which have any latent bonds left ? Give instances of such reactions and 
express the changes by equations. 
,6r How can gold be separated from an alloy of Au, Ag, and Cu ? 

7. 9*37 grms. of a gold mineral, when treated with aqua regia and reduced by 

FeCl2) yield *53 grm. of metallic gold ; what is the percentage of gold in' 
the mineral P 

• 8. How much chlorine gas, by weight and by volume, can be obtained by the 
ignition of 1*25 grm. of AUOI3 ? 

9* What action takes place when a piece of gold is suspended from the positive 
electrode in a bath of AuCls, metallic copper forming the negative elec- 
trode P Explain the process of electro-gilding. 



5. PLATINUM, Pt" and *^.— This metal is fonnd native, 
but more frequently alloyed with other metals. It is characterized 
by its inftisibility before the blowpipe, and is not acted npon 
by the usual fluxes. It can, therefore, only be examined in the wet 
way. 

Unalloyed platinum is not attacked by either nitric, hydrochloric, 
or sulphuric acid, but by aqua regia, with formation of platinic 
chloride, PtCU. A solution of this salt is employed for studying 
the reactions of platinum. 

SH2 (yronp-reasent) produces slowly a dark brown precipitate of 
platintc dlsnlptalde, PtS^. On heating, the precipitate forms quickly. 
It is insoluble in nitric or hydrochloric acid, soluble in aqua regia ; 
difficultly soluble in normal ammonic sulphide, more speedily in 
yellow sulphide, with which it forms a sulpho-salt, PtSAms2. 
Heated out of contact with air, it is decomposed into "Pt"S and S. 

SAm2, same precipitate. 

PtOU is interesting on account of the compounds which it forms 
with the chlorides of the alkali metals (and with the chlorides of 
many organic bodies, e.^., the so-called alkaloids, such as quinine, 
nicotine, etc.). 

AmCl produces a light yellow crystalline precipitate of ammonic 
platinic chlortde, 2AmC],PtCl4. From dilute solutions a precipitate 
is obtained only after evaporation to dryness on a water-bath. The 
precipitate is somewhat soluble in water, insolnble in alcohol. 
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KCl produces a yellow crystoMine precipitate of potaiile platlnle 
chloride, 2KCl,PtCl4, analogous in its appearance and properties to 
the precipitate jnst described. 

NaCl fonna with platinic chloride a doable chloride, which is, howeyer, 
soluble in water, and is obtained in needle-shaped crystals onlj after considerable 
evaporation. 

The precipitate produced by platinic chloride with AmCl and 
KCl serves for the det^tion and isolation of platinum, and vice versd, 
for the detection of ammonium or potassium compounds. (Comp. 
Chapter II). 

Platinum is capable of forming a lower chloride, viz., pkbtinous 
chloride, "PfClj, in which the platinum acts as a djad. This salt 
is obtained by heating the platinic chloride for some time in an air- 
or oil-bath up to 204° C, as long as any chlorine is evolved ; or by 
acting with sulphurous acid upon a solution of platinic chloride, 
until the latter ceases to give a precipitate with ammonic chloride. 
PtCl2 is a greenish-grey powder, insoluble in water, but soluble in 
hydrochloric acid. 

Several reactions in the wet way for platinum are based upon 
the power, which its salts possess, of oxidizing other bodies which 
have some bonds left unsatisfied ; but as platinic salts are not so 
easily reduced as gold salts, a solution of the latter metal is generally 
preferred. After what has been stated under gold, the following 
reactions will be readily understood :— 

PtCU produces with SxiCl2 only a dark brownish-red colour, 
owing to the reduction of the platinic to platinous chloride. 

PtCl4 is reduced by SOjFeo" only after long-continued boil- 
ing. 

COHo* ^° heat- 
ing, if the free acid be neutralized with sodic carbonate. 

Metallic zinc precipitates metallic platinum. 

It is obvious that platinous chloride could act as a reducing 
agent, but it is rarely employed for this purpose. 

Whenever platinum and gold are contained in a solution, together 
with other metals of Group II, precipitable by sulphuretted hydrogen, 
it is preferable to remove the gold, by means of oxalic acid (which 
does not reduce platinic chloride), before removing the platinum by 
evaporation with ammonic chloride. 

QUESTIONS AND EXERCISES. 

1. How is platinic chloride prepared ? Give an equation. 

2. How much metallic platinum is left when two grms. of PtS2 are strongly 

ignited in a porcelain crucible ? 

3. How much Pt will be left, when 1*5 grm. of 2AmCl,FtCl4 is ignited ? 

4. Calculate how much potassic platinic chloride oi^ht to be obtained frou) 

•521 grm. of KCl. 

5. How is platinous chloride prepared ? 
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Separation of the metals arsenic, a/ntimony, and tin, whose sul- 
phides are soluble in yellow a/mmonic sulphide, or in sodic hydrate. 

The precipitate produced by the group-reagent, is soluble in 
yellow amnionic snlphide, or in sodic hydrate, and may consist of 
three sulphides. If the precipitate be of a dark-brown colour, it 
may be inferred that stannous sulphide is. present. If it be of a 
fine lemon-yellow colour, the presence of arsenious or stannic sul- 
phide may be inferred, if orange-coloured, antimony should be 
looked for. 

The three sulphides are unequally soluble in hydric ammonic 
carbonate. ASzSs dissolves freely, 81182 very slightly, and Sb^Ss 
is insoluble. On digesting, therefore, the precipitate with 
COHoAmo, and filtering, arsenic is obtained in the filtrate, and 
antimony and tin are left in the residue. In order to separate the 
remaining two metals, the antimony is converted into antimonietted 
hydrogen, — tin does not form a gaseous compoand with hydrogen. 
For this purpose the two sulphides ai*e dissolved in hot hydrochloric 
acid, and the solution of the mixed chlorides introduced into a 
Marsh's apparatus. Antimony is detected by the metallic deposit 
which antimonietted hydrogen gives on porcelain, insoluble in ClNao. 
Tin is found in the generating fiask as a powder. The greyish black 
metal is removed from the undissolved zinc, dissolved in hot hydro- 
chloric acid (by the aid of a little platinum foil), and the solution 
tested with mercuric chloride. A white precipitate of mercurous 
chloride, HgjCls, indicates the presence of tin. 

The separation of arsenic, a/ntvmony, and tin, may thus be based 
upon — 

1. The solubility of AS2S3 in hydric ammonic carbonate. 

2. The formation of antimonietted hydrogen, 

3. The precipitation of tin by metallic zinc. 

A tabular scheme, embodying this method of separation, will be 
found in Table II in the Analytical Tables at the end of the book. 

Several other methods of recognizing and separating the metals 
tin, antimony, and arsenic, will readily suggest themselves. The 
student should draw up tabular schemes, embodying the following 
five methods. 

A method of separation of As, Sb, and Sn, may be based upon : — 

1st. The oxidation of ASaSs, SbaSa, and SnS by concentrated 
nitric acid ; and the conversion of the three oxides (by fdsion with 
caustic soda in a silver crucible) into sodic metantimoniate, arseniate 
and stannate. 

2ud. The insolubility of SbOaNao in cold water and alcohol 
(AsONaos and SnONao, being soluble). 

3rd. The conversion of AsONaos and SnONaoa into AS2S3 and 
SnS, by means of sulphurous acid and sulphuretted hydrogen. 

4th. The volatility of AS2S3, when heated in a current of dry 
SH2 gas, SnS being non- volatile. 

5th. The absorption of the volatilized AS2S3 in a solution of 
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sodic hydrate, oxidation by cblorine and precipitation as 
AsOAmoMgo". 

6tli. The conversion of the non-yolatile SnS into Bn02 by 
ignition in air. 

Another method is based npon : — 

1st. The precipitation of arsenic and antimony in the form of 
sulphides, by boiling a hydrochloric acid solution of the three metals 
with sodic hyposulphite, tin remaining in solution. 

2nd. By boiling the precipitated ASzSs and Sb2S3 with hydric 
potassic sulphite and sulphurous acid ; ASzSs is converted into 
potassic metarsenite, SbaSa remains undissolved. 

A third method consists in : — 

1st. Removing the AS2S3, by boiling with hydric sodic sulphite 
and sulphurous acid ; the other two sulphides are not dissolved. 

2nd. The oxidation of the undissolved SbjSs and 81182 with 
concentrated nitric acid and boiling with tartaric acid; SbsOi is 
soluble, SnOa remains undissolved. 

A fourth method of recognizing arsenic, antimony, and tin, is 
based upon : — 

1st. The introduction of a solution (in HCl and KO3CI) of the 
three sulphides into a hydrogen apparatus, and passing the evolved 
arsenietted and antimonietted hydrogen through a solution of 
argentic nitrate ; the tin remains behind precipitated on the zinc. 

2nd. The solubility of the precipitated SbAgj in tartaric acid, 
and precipitation of the antimony by means of sulphuretted 
hydrogen from a hydrochloric acid solution. 

3rd. The precipitation of the AsAgOs from the argentic nitrate 
solution by means of ammonia. * 

A fifth method of recognizing the metals of Group IIb, depends 
upon: — 

1st. The insolubility of AB2S3 in strong hydrochloric acid, Sb2Sa 
and 81182 being dissolved. The presence of arsenic is confirmed by 
fusion with potassic cyanide and sodic carbonate. 

2nd. The precipitation of the antimony on pl^Ctinum by means of 
a strip of metallic zinc ; a black stain indicates antimony. 

3rd. Dissolving the tin precipitated on the zinc in warm dilute 
hydrochloric acid, confirming it by means of mercuric chloride. 

PRACTICAL EXERCISES AND QUESTIONS ON GROUP IIb 

1. Sulphuretted hydrogen produces a fine yellow precipitate, a portion of which 

is soluble in yellow ammonic sulphide. What inference would you draw 
from this, and how would you examine both the solution and the residuary 
yellow sulphide ? 

2. Describe several methods for separating As from Sb. 

3. Examine some green paper-hangings for As (Scheele's green). 

4. Test a sample of commercial hydrochloric acid for As and Fe. 
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6. Separate As £rom Sn in a solution of SnCl2 and ASgOa, containing '500 gnn. 
of Sn, and '020 grm. of As. 

6. Analyse a solution containing '010 grm. of As and '100 gnn. of Sb, by con- 

verting the two metals into the respective hydrogen compounds. 

7. You have given to you a hydrochloric acid solution containing •200 grm. of 

Sn and '020 grm. of Sb ; also a strip of zinc and a piece of platinum foil. 
Describe how you would separate the two metals. 

8. Test a sample of iron pifHtea, FeSs, for arsenic, in the dry and in the wet 

way. 

9. A precipitate consists of SbsSs and A83S3. Describe different methods 

of analysis, and state the possible causes of error inherent upon each 
method. 

10. Analyse a mixture of Sn02 and Sb204, both in the dry and wet way. 

11. You have given to you a solution, containing potassic arsenite and arseniate. 

State how you would identify the two oxides of arsenic in the presence of 
each other. 

12. Test a solution of stannic chloride for stannous chloride. 

13. How can you 'detect traces of antimonic chloride in a solution of antimonious 

chloride ? 

14. What are the changes which As^Sj, Sb2S3 and SxiSj undergo, when they 

are treated with concentrated nitric acid and when the products of the 
oxidation are fused with caustic soda ? 



Chapter VI. 

REACTIONS OF THE METALS OF GROUP I. 

This gronp comprises the metals silver, lead, and mercury in 
the form of mercnrons compounds, which are precipitated by dilute 
hydrochloric acid. 

1. SILVER, Ag'. — This metal occurs native ; also as sulphide 
in silver glcmce, SAgj, and in combination with antimony, as scQpho- 
salt in trisulphar^entic orthosulphantimonite, or dark red silver ore 
{pyra/rgyrite), SbAgSs; with arsenic as trisulphargentic sulphar- 
senite, in proustite^ AsAgB^ ; as chloride, AgCJ, in horn silver^ and 
other ores. 

EXAMINATION IN THE DRY WAY. 

Place a small quantity of powdered silver glcmce towards the 
middle of a hard glass tube (combustion tubing of about ^ inch 
internal diameter, cut with a sharp file into lengths of 5 to 6 inches, 
answers best). Heat the powder gradually by moving the tube 
about in a Bunsen gas flame, and lastly, heat it strongly towards the 
centre. By holding the tube in a slightly slanting position, a current 
of air is made to pass over the ignited sulphide ; the sulphur becomes 
oxidized and is carried off as sulphurous anhydride, readily recog- 
nisable by its pungent odour. Metallic silver is left, together with 
a little argentic sulphate. 

Other volatile bodies, such as antimony, arsenic (selenium and 
tellurium), which are frequently present in pyritical silver ores, are 
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likewise oxidized, but are, to a great extent, deposited as ASjOj and 
S1^20s, in the cool part of the tube. 

Mix a little of the finely-powdered silver glance (or of the roasted 
ore) with sodic carbonate, and heat upon charcoal under the re- 
ducing flame of the blowpipe. A globule of bright metallic silver 
is left, which is, however, almost invariably contaminated with a 
little carbon. 

Silver ores which contain no other fixed element but silver, are 
reduced on charcoal to the metallic state by a simple fusion with 
sodic carbonate. Antimony and arsenic, if present, cure readily vola- 
tilized as metals, before the reducing flame. The sulphur combines 
with the alkali metal. 

Silver ores which contain non- volatile metals, such as copper, 
iron, etc., as in argentiferous fahl ore, and from which the metal 
silver could not be eliminated before the blowpipe flame, are treated 
in the following manner : — 

Mix 'lOO grm. of the finely-powdered ore with its own bulk of 
pounded borax glass ; wrap it up in a small piece of assay lead ;* in- 
troduce it into a cavity, miade in a good piece of charcoal, and fuse 
under the reducing flame of the blowpipe, at first gently, and afber- 
wards more strongly. The heat is kept up till the whole mass has 
resolved itself into a metallic button and a clear glassy borax bead, 
which does not adhere to the charcoal. Should the metallic button, 
on cooling, present a dull grey surface, indicative of the presence of 
antimony, it is next heated in the oxidizing fiame, until, on cooling, 
it shows a bright, somewhat prismatic surface. It is then detached 
from the borax, cleaned by a blow with a hammer and carefully 
cupelled on some bone-ash (tricalcic phosphate, Pa02Cao"8), pressed 
into a shallow cavity in a piece of charcoal, the surface being made 
smooth and thoroughly concave with the round end of a pestle. The 
button is thorougUy freed from borax, placed in the cupel and 
heated in the oxidizing flame. The lead is oxidized and absorbed by 
the porous bone- ash, forming a mass of fused litharge around the 
metallic bead. If one cupellation does not yield a brilliant white 
globule of silver, i.e., if the copper has not been entirely removed — a 
fact which is indicated by a black colour, instead of the pale yellow 
colour of the litharge, in the cupel — the cupellation of the button 
must be repeated in a fresh cupel, and the button, if necessary, 
re-melted with a small quantity of assay lead. The silver not being 
an oxidizable metal, is obtained in the metallic state. 

Small quantities of silver must he separated from lead (as well as 
from other metals), hy cupellation. 

Fuse some finely-powdered argentiferous galena^ PbS,SAg2 (or 
PbAgS2), on charcoal before the reducing flame of the blowpipe, 
either alone or with sodic carbonate. A bead of an alloy 
of much lead and very little silver is left. Expose this 
bead on a small cupel (Fig. 15) to the oxidizing action 
of the blowpipe flame. The lead is oxidized and absorbed ^'®- ^^• 
by the cupel, metallic silver being left. 

* Lead free from sUyer, prepared from plumbic acetate. 
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Dried AgCl is mixed with dry C0Nao2, in a small mortar, 
transferred to the charcoal and heated in the reducing flame of the 
blowpipe. A button of metallic silver is left, thus : — 

2AgCl + CONaoa = 2NaCl + COa -f O + Agj. 

REACTIONS IN THE WET WAI. 

For the reactions of silver in the wet way we employ a solution 

OF ARGENTIC NITRATE, NOaAgO. 

HCl (ffroap-reagent), and soluble chlorides (NaCl, etc.), give a 
white curd/y precipitate of arKentie chloride, AgCl, which turns 
violet on exposure to light. The precipitate is insoluble in water 
and dilute acids ; slightly soluble in concentrated nitric and hydro- 
chloric acids ; readily soluble in ammonic hydrate, potassic cyanide, 
and sodic hyposulphite; soluble also to a perceptible extent in 
concentrated hydrochloric acid and in saturated solutions of alka- 
line chlorides, more particularly when heated, whence the dis- 
solved argentic chloride is, however, reprecipitated on dilution 
with water. 

Collect the precipitated AgCl on a filter and dry over a sand-bath. Fuse a 
portion of the dried salt in a porcelain crucible over a small gas-flame. The 
white powder fuses ; it undergoes a mere physical change, and leaves on cooling 
a hard mass, called horn silver. 

Place a small piece of zinc on the fused horn silver, and add a drop of dilute 
hydrochloric acid and a little water. A voltaic action is set up between the 
metallic zinc and silver. The zinc removes the chlorine and leaves the metallic 
silver. The same action takes place when the white curdy precipitate of argentic 
chloride is brought in contact with strips of metallic zinc. 

This forms a convenient method of recovering silver from silver residues. 

NaHo or KHo precipitates argentic oxide, OAga, in the form of 
a hrown powder ^ which, on strong ignition, gives off oxygen, and is 
converted into metallic silver. 

AmHo, when gradually added, precipitates argentic oxide, readily 
soluble in excess. 

SHa precipitates blcich argentic sulphide, SAg2, from acid solu- 
tions ; insoluble in dilute acids, in alkalies, alkaline sulphides, and 
potassic cyanide ; readily soluble in dilute boiling nitric acid, with 
separation of sulphur. 

SAm2 (or any soluble sulphide) precipitates from neutral solu- 
tions black argentic sulphide. 

HI or KI gives a yellowish precipitate of argentie iodide, Agl, 
insoluble in dUute nitric acid ; almost insoluble in ammonic hydrate 
(distinction between AgCl and Agl). 

HBr or KBr gives yellowish white curdy precipitate of arsentle 
bromide, AgBr, insoluble in dilute nitric acid; difficultly soluble 
in ammonic hydrate ; readily soluble in potassic cyanide, or sodic 
hyposulphite ; decomposed by concentrated hydrochloric acid, with 
evolution of bromine vapour and conversion into AgCl. 

HCy or KCy gives a white curdy precipitate of arsentie cyanide, 
AgCy, soluble in excess of the reagent ; insoluble in dilute nitric 
acid ; soluble in ammonic hydrate, but reprecipitated by dilute nitric 
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acid ; soluble in sodic hypoBolphite. The precipitate is decomposed 
by concentrated boiling nitric acid; it is decomposed also when 
heated by itself in a porcelain cmcible, to pa/racyanide, metallic silver, 
and cyanogen gas (distinction from AgCl, Agl, and AgBr). 

Place a bright and clean strip of copper into a solution of 
argentic nitrate. The copper becomes rapidly covered with a 
lustrous coating of metallic silver ; and the solution, after a time, 
gives no more precipitate with hydrochloric acid. The silver is 
deposited on the copper in the metallic state, and the solution 
contains now N2O4OU0" : an equivalent quantity of copper (63*6 
by weight of copper for every 216 of silver) having been dis- 
solved. 

Place a small globule of mercury into a concentrated solution of 
argentic nitrate on a watch-glass. The globule of mercury becomes 
rapidly covered with a crystalline mass, resembling some vegetable 
growth, termed a/rhorescence. After a time the whole of the silver 
becomes removed from the solution, and the solution contains in the 
place of the argentic nitrate, mercuric nitrate, Na04Hgo^^ Metallic 
silver is precipitat.ed and forms with the mercury an amalgam 
which is crystsdline. This crystalline mass is termed a silver tree 
{arbor Dicmoe). 

Strips of the metals Zn, Fe, Sn, Sb, Pb may likewise be employed 
for the precipitation of metallic silver. 

These changes illustrate the action of the more electropositive 
metals upon solutions of less electropositive metals, induced by vol- 
taic electricity. They come under the third class of chemical changes, 
viz., displacement of one element by another element. 

Take a clear solution of one part of grape sugar and 6—8 parts 
of distilled water, and a somewhat dilute solution of argentic 
nitrate. Heat the latter in a test-tube, nearly to boiling, and add 
the grape sugar solution. The liquid becomes at once turbid, and a 
greyish- white powder of metallic silver falls to the bottom; or a 
yellowish- white metallic deposit forms on the sides of the test-tube 
which, on rubbing with a glass rod, shows bright streaks of metallic 
silver. The metallic silver can be filtered o£E and fused on charcoal, 
before the blowpipe, to a brilliant globule. 

The cause of the reduction of the argentic salt must evidently be 
sought for in the grape sugar. We have seen that argentic oxide 
loses its oxygen readily on ignition. Certain organic substances, such 
as grape sugar, formic acid, and aldehyde, are known to combine 
eagerly with oxygen, and the OAg2 (in two molecules of NO»Ago) 
parts with its oxygen aad yields a deposit of metallic silver. 

This reaction has f oand an important practical application in the 
manufacture of looking-glasses, etc. 

The silver in the argentic nitrate is displaced by hydrogen from 
the organic bodies, nitric acid being left in solution, carbonic anhy- 
dride and water — the two ultimate products of oxidation of organic 
matter — being formed by the oxidation of the o^anic substances. 

Ignite a few crystals of argentic acetate, < QcyK > ^ ^ covered 

H 
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porcelain crucible. Heat gently at first, and strongly, as soon as no 
more fnmes are given off. A mass of frosted silver is left, having 
the shape of the original crystals. 

QUESTIONS AND EXERCISES. 

1. How is argentic nitrate prepared ? 

2. Why do HGl, HI, etc., precipitate silyer from its solutions ? 

3. What change takes place when silver glance is roasted in a tube ? 

4. How IB Ag separated from Pb in the dry way ? 

6. Write out the equations for the reactions of silver in the wet way. 

6. Give the graphic formulse for silver glance, da/rJc red silver ore, proustUe, and 

fahl ore, 
*7, How much NaCl will be required to conyert 1*5 grm. of NOjAgo into 

AgCl? 

8. A dilute solution of hydrochloric acid (containing '00365 grm. of the acid in 

one cubic centimetre of the solution) is precipitated with NOjAgo. 
How much AgOl by weight do we get from 150 c.c. of the acid solu- 
tion? 

9. How much metallic copper is required to precipitate 1 grm. of argentic 

nitrate ? 

r OH 

10. What is the percentage composition of argentic acetate, < r\(\\ * >^d how 

much silyer will be left when, when *45l grm. of acetate is ignited ? 

11. How is argentic nitrate converted into sulphate, and how much of the latter 

salt can be prepared from 10 grms. of argentic nitrate ? 

12. What change does AgCy undergo upon igmtion P 



2. LEAD, Pb" and *^. — Occurs in natnre chiefly in combination 
with SULPHUR, as PbS", in galena ; also as carbonate, in lead- spar 
or white lead ore, COPbo"; as sulphate, in lead vitrioh S02Pbo", in 



CO ' CO 

leadhUlitey /^^Pbo'Tbo", and in lana/rkite, q^ Pbo"2 ; as oxychlo- 

ggpbo:^ so, 

mD^.va.me'nMpite, PbOl2,2PbO, = CI— Pb— O— Pb— 0— Pb— CI; as 
phosphate and oxtchloridb, in ^jyromorp Ai^e^PaOsPbo'^^p^Pb" Y 

EXAMINATION IN THE DRY WAT. 

The principal blowpipe reaction consists in redncing lead com- 
pounds on charcoal to metallic lead, either by themselves, or in 
conjunction with sodic carbonate, or potassic cyanide, and in the 
yellow incrustation of oxide which they yield, which disappears 
when heated in the oxidizing flame, imparting a blue colour to the 
flame. The change which 1»,kes place when galena is heated with 
sodic carbonate in a crucible, out of contact with air, is expressed 
by the equation : — 

7PbS -f 4CONao3 = 4Pb -f SPbNas^ -f SO-jNao^ -f 4CO2; 

Fusihle slag. 
bnt when heated in contact with air, or in the presence of an 
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oxidizing agent, sach as saltpetre, the loss of lead in the slag is 
avoided, thns : — 

PbNasa + 70 + CONaoa = Pb -f- 2S02Nao8 + CO,. 

When galena is roasted in a glass- tube open at both ends, it is 
converted into SOjPbo", PbO and SO2, thus : — 

(1) PbS + O4 = SOaPbo". 

(2) PbS + 03 = PbO -f SO2. 

With borax and microcosmic salt, lead compounds give in the 
enter flame a clear yellowish glass (owing to the combination of the 
PbO with the boric or phosphoric acid, and formation of a sodio 
plnmbic borate or phosphate), which is colourless when cold. 

All lead minerals, especially the antimonial sulpho-salts, houlangerite^ SbsFbsj, 
houmonitef Bb^hef'^y^^''^)" jamesoniUf Sb4S8PbB''PbB^'si and argetUiferous 
galena^ contain more or less silver, as may be ascertained by carefully cupelling 
the metallic button on charcoal (comp. silveri page 95). 

The presence of antimonyi arsenic, and sulphur reveals itself, when these ores 
are heated on charcoal (garljo odour and fumes of Aa^Os, or SbsOs), or in a glass- 
tube open at both ends (white sublimate, fumes, and odour of SO2). 

REACTIONS IN THE WET WAT. 

For the reactions of lead in the wet way we employ either a 
SOLUTION OP PLUMBIC NITRATE, jar\^^'\ or acctatef < co')*^^" ' 

most other plnmbic salts being insoluble in water. 

HOI (ffroup-reasent), or soluble chlorides give, with a not too 
dilute solution of plumbic salts, a heavy white precipitate of plumble 
chloride, PbOU, soluble in much cold water, readily in boiling 
water, from which the plumbic chloride crystallizes out, on cooling, 
in fine needles ; less soluble in solutions containing dilute hydro- 
chloric or nitric acid. Ammonia converts it into a basic salt, of the 
composition, PbHoCl (^phimhic chlorohydrate), — a white powder 
almost insoluble in water. 

NaHo or KHo precipitates plumble hydrate, PbHo2, soluble in 
excess of the reagent, especially on heating. The PbHog must be 
viewed as acting the part of a weak acid, on combining with the 
strong alkali base. 

AmHo precipitates a white basic salt, insoluble in * excess. The • 
precipitate forms only slowly in a solution of plumbic acetate. 

SH2 precipitates hla^^k plumbic sulphide, PbS, from acid solu- 
tions. If a large excess of hydrochloric acid be present, the pre- 

(PbCl 
cipitate is reddish brown, consisting of < S , (diphimbic sulpho- 

(PbCl 
dichloride) . On diluting considerably with water, a hlach precipitate 
is obtained. 

SAm2, or soluble sulphides, precipitate likewise hUick PbS, in- 
soluble in dilute acids, alkalies, and alkaline sulphides. Plumbic 
sulphide is soluble in hot dilute nitric acid, plumbic nitrate being 

H 2 
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formed, with separation of sulphur. Concentrated nitric acid con- 
verts it into SOaPbo" ; the oxidation extends to the sulphur, as well 
as to the lead. 

S02Ho2, and soluble sulphates^ precipitate white plumbie snl- 
phate, S02Pbo", almost insoluble in water, especially in the presence 
of excess of dilute sulphuric acid ; insoluble also in cold dilate acids, 
soluble in boiling hydrochloric acid, from which plumbic chloride 
crystalHzes out on cooling ; soluble in potassic hydrate, and, lastly, 
readily soluble in concentrated solutions of certain salts, such as 
sodic hyposulphite, amnionic acetate or tartrate, in the presence of 
excess of ammonic hydrate, from which solutions SO2H02, SAuLj, or 
Cr02Ko2, precipitate the lea^d again. Boiling with sodic carbonate 
converts S02Pbo" into insoluble COPbo". Plumbic sulphate sepa- 
rates &om dilute aqueous solutions only on the addition of alcohol 
(methylated spirit). 

Cr02Ko2 precipitates yellow plumbic chroutate, Cr02Pbo" 
{chrome yellow), readily soluble in potassic or sodic hydrate ; diffi- 
cultly soluble in dilute nitric acid, insoluble in acetic acid. 

uONao2, as well as COK02 and COAmos, give a i^^i^e precipitate 
of a basic carbonate (white lead), of varying composition, usually 
considered to contain two molecules of plumbic carbonate and one 

molecule of plumbic hydrate, viz., nf)/f)pv,TT \Pbo" (J/rvplvmbic 

dihydrate dicarhonate), insoluble in water and in potassic cyanide. 

Kl gives a yellow precipitate of plumbic Iodide, Pbl2, soluble 
in excess of the reagent ; also soluble in much hot water, from which 
it separates, on cooling, in beautiful golden yellow scales. 

KCy precipitates white plumbic cyanide, PbOy2, insoluble in 
excess, soluble in dilute nitric acid. 

Soluble phosphates f arsenites and (irseniates, silicates, borates, oxalates, tar- 
trateSy citrates, ferro- and ferrici/anides give precipitates -with plumbic salts, which 
are insoluble in water, but soluble in dilute nitric acid.- These precipitates 
possess, howeyer, only a secondary interest. 

MetaUic iron or zinc precipitates lead from its salts. This is seen very 
strikingly on dissolving a few ounces of plumbic acetate {sugar of lead) in dis- 
tilled water, with the addition of a Uttle acetic acid, and suspending in the 
solution a piece of zinc from a thread. The zinc becomes covered with a 
beautiful ciystalline deposit of metallic lead, which increases rapidly, if the solu- 
tion be left undisturbed, and acquires the appearance of a branch of a tree 
(arhor Satumi), The metallic structure can be preserved for days in unaltered 
beauty. On removing the precipitated lead from the piece of zinc, the latter is 
found much corroded and considerably diminished in size and weight. The lead 
may be collected on a filter and washed with water, dried and fused in a crucible, 
under a covering of borax, to a bright metallic button. A quantity of zinc, 
atomioally equivalent in weight to the precipitated lead (Le., 65 parts by weight 
of zinc for every 207 of lead) must have dissolved, and is foimd in the solution, 
in the form of zincic acetate. The atomic weights of Zn (65) and Pb (207) can 
be determined roughly, by weighing the metallic zinc, before and after immersion, 
as well as the precipitated lead. 

Heat a httle red lead, "BYyJd^,^ in a small porcelain crucible or in a test-tube, 

* The composition of commercial red lead is more correctly expressed by the 
formula Fb405. 
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to which a deliyery-tube is attached. Oxygen gas is given off, which may be 
collected in the usual manner oyer water. The residue is dark yellow, and on 
cooling turns bright yellow. It consists of plumbic oxide, PbO (litharge), 
accorcQng to the equation : — Fb804 * 3FbO + O. 

Treat a little Pb804 with dilute hydrochloric acid in a test-tube, and heat 
gently. A greenish yellow gas comes off, and the red lead dissolves to plumbic 
chlonde. The gas is readily recognized, by its odour, as chlorine : — 

Fb804 + 8H01 « SFbOla + 01, + 40H,. 

Treat another portion of red le<id with dilute nitric add. The red colour 
changes to brown — the colour of plumbic dioxide, PbOj. The reaction is ex- 
pressed by the equation : — 

Pb804 + 4X0JSO - ^^^ho" + PbOa + 20Hj. 

Lead can thus combine either with one or two atoms of oxygen to form PbO 
or PbOa ; it can exist in the dyad or tetrad condition (Pb'' and Pb*^) and red 
lead lA obviously composed of two oxides, of Pb^^Oj + 2Pb"0. The plumbic 
dioxide in red lead yields the oxygen. It is written graphically : — 

Pb*^Pbo"a = Pb/ Npb/^Pb (Triplumbio tetroxide). 

The minerals plaHnerUe, PbOj and minium, Pb304, represent the corre- 
sponding natiuul oxides. 

It is evident from the above experiments, that lead occurs more frequently in 
the dyad than in the tetrad condition. 

SOaHos forms with PbOj a sulphate, oxygen bein|( given off. 

PbOs absorbs sulphurous anhydride abundantly, lorming BO^VW. 

HOI liberates chlorine from plumbic dioxide. 

Minium or red lead, and the brown plumbic dioxide are powerful oxidising 
agents. They furnish us likewise with ready means for preparing chlorine gas. 

QUESTIO^fS AND EXEBOISES. 

1. Calculate the percentage composition of plumbic acetate. 

2. How much oxygen by weight and by volume (at (f 0. and 760 mm.) can be 

obtained from 80 grms. of red lead ? 

3. Write out the symbolic equations for the reactions of lead in the wet way. 

4. How can Pb be separated from Ag, in the wet way ? — 1st, by using hydro- 

chloric acid ; 2nd, potassic cyanide ; 3rd, sulphuric acid, as a precipitant. 
6. Give graphic formulsB for white lead, red lead, plumbic acetate, mendipite, 
plumbic chlorohydrate, plumbic nitrate and cluromate, diplumhic sulpho- 
dichloride. 

6. How much HOI by weight will be required to decompose 10 grms. of red 

lead s and how much chlorine gas will be evolved — 1st, by weight ; 2nd, by 
volume at 0^ 0. and 750 mm. pressure ? 

7. How would you separate Pb and Sb in type metal ? 

8. Describe how you would analyse an alloy of 5 parts of ^ lead, 3 parts of tin, 

and 8 parts of bismuth, a so-called /tt«i&^ alloy melting at 98 0. 

9. Calculate the percentage composition of Pb4Sb (type metal). 



3. MERCURY.— (Mercurosum) 'Hg'„ 

We employ A solution of mercurous nitrate, j^Q^Hgao". 

HCl (ffroiu>-reaseiit), or soluble chlorides, give a white precipi- 
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tate of mercurous chloride, 'Hg'2Cl2 (calomel), which is insoluble in 
dilute acids and is blackened by KHo or AraHo, the latter con- 
verts it into 'Hg'20 and mercurosammonic chloride, NH3'Hg'3Cl. 
Mercnrons is converted into mercoric chloride by the addition of 
chlorine water. Concentrated hydrochloric acid converts it, upon 
long-continued boiUng, into HgCU and grey metalhc mercury. 

Nitric acid oxidizes it readily into HgOl2 and j^Q^^Hgo", with evolu- 
tion of nitrous fames. Dry 'Hg'201a sublimes unchanged. 

NaHo or KHo gives a black precipitate of mercurous oxide. 
'Hg'20, insoluble in excess. 

AmHo produces a black precipitate of basic dtmercurosammonlc 
nitrate by the substitution of 'Hg'a for 2 atoms of hydrogen in two 
of Amo, thus : — 

2gg^Hg20" + 4AmHo = N203'Hg'2o" [^g'Hg'aOj " 

Basic dimercuroBammonic nitrate. 

+ 2N02Amo + 3OH2. 

The precipitate is insoluble in excess. 

SHs precipitates black mercurous sulphide, ^Hg^aS, insoluble in 

excess or in dilute acids ; soluble in aqua regia or in yellow potassio 

sulphide. When boiled with concentrated nitric acid, the second 

NO 
atom of mercury in 'Hg'aS is converted into j-Q*Hgo", and a white 

compound of mercuric nitrate and sulphide, jrO^OFT x^' ^® 

formed. 

SAma produces the same black precipitate. 

A clean strip of metallic copper precipitates from mercurous 
solutions metallic mercury, cupric nitrate being left in solution. On 
gently rubbing the greyish deposit with a piece of wash-leather, the 
surface becomes bright and shining like silver. Hie more electro^ 
positive metals, Ou, Cd, Zn, Pe, Pb, Bi, precipitate the less electro^ 
positive metal Hg. 

SOHoa, SOaFeo", or SnCla produces a grey precipitate of 
metallic mercury. On decanting the liquid and boiling the grey de- 
posit with hydrochloric acid, distinct metallic globules are obtained. 
The changes may be expressed thus : — 

5Jo Hgao" + SOHoa -f OHa = 2Hg + 2NOaHo -r SO2H02. 

NO 
SJ^Q^Hgao" + 6S0,Feo'' = 6Hg + 2(SOa)3FeaO^ + (NOa)6FeaO^. 

NO 

^^»Hg2o" + SnCla + 2HC1 = 2Hg + SnCl4 + 2N0aHo. 
Mercurous salts act thus the part of oxidizing agents, when 
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coming in contact with more powerful reducing agents : a property 
which in conjunction with the redticing action which they exert nnder 
favourable circumstances, proves clearly that the double atom 'Hg'a 
possesses but httle chemical affinity for other elements, and that the 
comjpotmds which it forms are rather unstable, 

QUESTIONS AND EXERCISES. 

1. Write out the graphic formuliB of calomel^ mercurouB nitrate, mercurouft 

oxide, mercurosammonic chloride, basic dimercurosammonic nitrate. 

2. Write out equations for the reactions which xnercurous compounds give in 

the wet way. 

3. How can mercurous chloride be converted into mercuric chloride? Give 

equations. 

4. How much calomel can be manufactured from 20 lb. of metallic mercury ; 

and how much SO2H03 and KaCl by weight will be required ? 

5. Explain the action of metaUic mercury upon mercurous nitrate. 

6. What is the action of boiling nitric acid upon mercurous sulphide ? 

7. In what manner can mercuric and mercurous chlorides be distinguished from 

each other by the reactions in the dry way ? 

8. State under what conditions mercurous salts play the poit of oxidizing, or 

that of reducing agents. 

A method of separating the metals of Group I will readily sug- 
gest itself, and a tabular analytical scheme may be drawn up without 
much difficulty, if we bear in mind : — 

1st. The solubility of PbCla i/n boiling water, 

2nd, The sohibiUty of AgCl in AmHo. 

3rd. The conversion of the HgaClg into bla^ih NHs'Hgs'Cl hy the 
action of AmHo. 

Table I in the Analytical Tables at the end of the book embodies 
this method of separation. 

PBAOTICAL EXERCISES AND QUESTIONS ON GBOUP I. 

1. Test a sample of galena for silver in the dry way. 

2. Analyse a sample of ruby silver in the dry and in the wet way. 

8. You have given to you some precipitated argentic chloride, dilute HGl, and 
a strip of metallic ^inc. How would you prepare pure metallic silver? 

4. Analyse a solution, containing '010 grm. of Ag, as N02Ago, '100 grm. of Hg, 

as N204Hg2o" and 010 grm. of Pb, as N204Pbo". 

5. Describe what takes place when a solution of argentic nitrate, containing 

about '010 grm. of Ag, is added to a hot saturated solution of KOI. 

6. You have given to you a mixture of red lead and calomel. What takes place 

when the mixture is treated with HOI ? 

7. Analyse a mixture (about '050 grm.) of white arsenic and corrosive svbUmate, 

both in the dry and wet way. 

8. Test a commercial sample of baric chloride for lead. 

9. Test a sample of whiie lead paint for impurities, insoluble in dilut-e nitric 

* acid, and examine the acid filtrate by the respective group-reagents. 
10. Prepare some pure NO^Ago from an alloy of copper and silver. 
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Chapter VII. 
REACTIONS OF THE ACIDS. 

A. Inorganic Acids. 

CARBONIC ANHYDRIDE, COs.— Occurs in the atmosphere 
and in mineral waters. In the combined state it forms a constituent 
of many minerals, called carbonates, which have for the most part 
been enumerated, in speaking of the natural compounds in which 
the different metals occur. 

REACTIONS IN THE DBT WAY. 

On ignition some carbonates undergo changes, others remain 
unchanged. The carbonates of the fixed alkali metals are not de- 
composed by the strongest heat. The carbonates of all other metals 
are decomposed more or less readily into oxides (or metals), carbonic 
anhydride (and oxygen) being given off. Baric and strontic carbon- 
ates require the strongest white heat for their decomposition ; calcic 
carbonate requires a strong red heat. All the others are readily de- 
composed on heating. The evolved carbonic anhydride is a colour- 
less and almost odourless gas, heavier than air, and can be poured 
from one vessel into another. When poured or passed into a test- 
tube containing lime- or baryta-water, a white precipitate is ob- 
tained, owing to the combination of the carbonic anhydride with the 
caustic alkaline earthy bases. 

REACTIONS IN THE WET WAT. 

All normal carbonates may be divided into — 

Ist. Carbonates which are soluble m water, consisting of the 
carbonates of the alkali metals and possessing an alkaline 
reaction. 

2nd. Carbonates which a/re vnsolvhle in water, a few of which are, 
however, soluble in carbonic anhydride, with formation of 
acid carbonates, such as the carbonates of Ba, Sr, Ca, Mg, 
Fe", Mn", but are reprecipitated on boiling. 

All carbonates are decomposed by dilute acids, — organic or 
mineral (with the exception of HCy and SHz). The decomposi- 
tion is marked by strong effervescence and evolution of CO2. (A 
few native carbonates, such as spathose iron ore, and dolomite, 
require the application of heat.) On passing the evolved gas into 
a solution of caustic Hme or baryta, the carbonic anhydride becpmes 
once more fixed, and the formation of a white precipitate (soluble in 
excess of the gas with formation of acid carbonates) confirms the 
presence of CO2. 

Metallic sulphites, sulphides, and nitrites are likewise decomposed by dilute 
acids with evolution of a gas ; but the evolved SOj, SH2, or N^Og gases are 
readily recognized by their characteristic odour or colour. In order to recognize 
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OO2 in the presence of SO3 or SH2, the gaseous mixture is first passed into a 
solution of an alkaline chromate m^ied with an acid, or into bromine water, or a 
solution of a cupric or ferric salt, and then through lime- or baryta-water. 

QUESTIONS AKD EXERCISES. 

1. How would you prore experimentally the presence of carbonic anhydride, 

Ist, in spring water ; 2nd, in atmospheric air j 3rd, in white lead ; 4th, in 
coal gas? 

2. Classify all metallic carbonates according to their respectiye deportment, Ist, 

on ignition ; 2nd, on treatment with water ; 3rd, in contact with excess 
of OO3. GKve examples. 

3. What change takes place when tartaric add |nd hydric potassio carbonate 

are mixed together ? 

4. Which is the most characteristic reaction for 00] F 

5. How would you recognize the presence of OO3 in a gaseous mixture, contain- 

ing SO3 and OO3, or SH3 and OO3 ? 

6. How much OO3, by weight and by Tolume, can be obtained from 1*235 grm. 

of OOCao" ? 

7. What change takes place, 1st, when a current of OO3 is passed through cold 

water in which finely divided chalk is suspended ; and 2nd, when the 
liquid is heat«d to boiling, subsequent to the passing of the gas ? 

8. Explain the occurrence of OO2 in mineral waters and in atmospheric air. 

9. Explain the effbct of boiling upon most spring waters. 

10. What is the usual composition of boiler deposits, and how would you propose 
to preyent them ? (Comp. p. 17.) 



SULPHURIC ACID, SOaHoa.— This is one of the most 
powerfol acids, for it is capable of displacing, in the wet way (with 
few exceptions), all other acids from saline compounds. R forms 
with bases a series ot very important salts, — the snlphates, most of 
which have already been enumerated in treating of the natural com- 
pounds of the various metals. 

BEACnONS IN THE DBT WAT. 

On heating a sulphate on charcoal, in the reducing 6ame, 
together with CONaoa (free from sulphate), sodic sulphide is 
formed thus : — 

SOsMgo" + 20 -f CONaoa = SNa« + MgO + SCOj. 

The fused mass gives off SHa, when treated with a strong 
acid (HOI), readily recognized by its odour. When placed on a 
bright silver coin and moistened with a drop of water, it produces a 
black stain of argentic sulphide. This reaction applies, however, to 
all sulphur acids, without exception, and it is impossible to prove 
thereby the presence of SOjHoa any more than that of some other 
(lower) oxide of sulphur. 

Heated by themselves, the sulphates of the fixed alkalies and 
alkaline earthy metals, as well as of lead, are not decomposed. All 
other sulphates become decomposed more or less speedily on ignition, 
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giving ofP snlpliuric or sulphurons anhydride and oxygen, according 
to the nature of the metal, e.g. : — 

2S02Feo" = Fe203 + SO3 + SO2. 
SOaOuo" = CuO + SO2 + 0. 



REACTIONS IN THE WET WAY. 

A SOLUTION OP POTASSic SULPHATE, SO2K02, may be employed. 

Sulphuric acid forms normal and acid sulphates, which are 
mostly soluble in water, the exceptions being baric, strontic, calcic, 
and plumbic sulphates. .(A few basic sulphates are insoluble in 
water, but soluble in acids.) 

BaCla or N204Bao" gives a white finely divided precipitate of 
baric sulphate, S02Bao", insoluble in dilute acids. Care must be 
taken not to have too much free hydrochloric or nitric acid present^ 
lest any of the baric salts be precipitated : baric chloride Tmd nitrate 
being much less soluble in strong acids than in water. If a very 
dilute solution of a sulphate has to be precipitated, the solution 
should be heated to boiling, and allowed to stand for some time 
after the addition of the baric salt. 

This reaction distinguishes SO2H02 from all oUier acids, except hydro- 
fluosilicic acid, 2HF,SiF4, and selenic acid, SeOsHoj, which also form baric salts, 
insoluble in acids. 

Soluble salts of strontium, calcium, and lead produce wAt^e precipitates of 
strontle, calcic, and plumbic sulphates, which are more or less soluble in 
large quantities of water : SOjOao^' being the most soluble (in 500 parts of water), 
SOjSro'' dissolving in 9,000 parts of water, and SOsPbo' in 22,000 parts of 
water only. 

Since baric salts answer every purpose, recourse is rarely had to these 
reactions in order to detect sulphuric acid. The addition of alcohol (methylated 
spirit), ensures the complete precipitation of strontic, calcic, and plumbic sul' 
phates. Most soluble sulphates can, in fact, be precipitated from their aqueous 
solutions by the addition of strong alcohol. 

In order to detect free sulphuric acid, by itself, or in the presence of a sulphate, 
the solution is evaporated to dryness on a water-bath, together with a Uttle cane 
sugar. A blackened or charred residue indic&tea free sulphuric acid, as no other 
acid is capable of decomposing cane sugar in like manner. 

An insoluble sulphate can be decomposed by continued boiling 
with a concentrated solution of an alkaline carbonate : more readily, 
however, by fusion with alkaline carbonates (fusion mixture), into 
a soluble alkaline sulphate, and an insoluble carbonate or oxide of 
the metal, thus : — 

SOaBao" + CONaoKo = SOaNaoKo 4- COBao". 
SOaPbo" + OONaoKo = SOjNaoKo + PbO -f OOg. 

The fused mass is extracted with boiling water, and the insoluble 
carbonate or oxide separated by filtration from the soluble alkaline 
sulphate. The residue is examined as usual for base, aiid the solu- 
tion for sulphuric acid, by acidulating with dilute hydrochloric acid 
(in order to destroy the excess of alkaline carbonates), and adding 
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baric chloride. Calcic sulphate dissolves in ammonio salphate and 
a little AmHo ; plumbic sulphate in amnionic acetate or tartrate, or 
in sodic hyposulphite. 

QUESTIONS AND EXERCISES. 

1. Classify all metallic sulphates according to their solubility in water. 

2. How are metallic sulphates detected in the dry way P 

3. Explain the action of heat upon the different metalUo sulphates. 

4. How is free sulphuric acid detected ? 

5. Describe shortly in what manner SOjBao'', SOjSro'', 803Cao'^ and 

SOsPbo'' differ from each other with regard to their solubility in water, 
and their respective deportment with yarious other solyents. 

6. How are insoluble sulphates examined qualitatiyely ? 

7. 1*648 grm. of a sample of aoda-tuh yielded '234 grm. of SOjBao'' ; what is 

the percentage of sodic sulphate in the ash ? 

SULPHXTROXTS ACID^ SOHos.— Obtained as gaseous an- 
hydride, SO2, whenever sulphur is burnt in air or oxygen, or when 
metallic sulphides (pyrites, blende, galena, etc.), are roasted with 
free access of air ; also by the partial deoxidation of sulphuric acid 
by means of metals, such as Cu, Hg, Ag, of charcoal and various 
organic bodies, of sulphur, etc. The gas is readily soluble in water, 
forming sulphurous acid, which combines with bases, and forms a 
series of salts, normal or acid, termed sulphites : compounds strongly 
characterized by the tendency which they exhibit to absorb oxygen 
and to become converted into sulphates. This property causes 
sulphurous acid, or metallic sulphites, to be of considerable inte- 
rest. 

REACTIONS IN THE DRY WAY. 

Sulphurous anhydride is recognized by its characteristic odour, 
the odour of burning sulphur. It combines readily with metallic 
peroxides, such as MnOs, Pl^Oa, with formation of manganous and 
plumbic sulphates. In order, therefore, to remove SOa from a 
gaseous mixture, the latter is usually passed over PbOa. 

Many solid sulphites are decomposed by heat into sulphates and 
sulphides, thus: — 

4S0Naoj = SSOaNaoj + SNaj. 

The earthy sulphites break up, on heating, into oxides and sul- 
phurous anhydride. 

REACTIONS IN THE WET WAY. 

A SOLUTION OP soDio SULPHITE, SONaOa, may be employed. 

Sulphites are examined by liberating sulphurous anhydride by 
means of strong sulphuric or hydrochloric acid, the gas being readily 
recognized by its characteristic pungent odour. 

The only sulphites soluble in water are the alkaline sulphites. 
Normal baric, strontic, calcic, and magnesic sulphites are insoluble 
in water, but are dissolved to a great extent, by a solution of sul- 
phurous acid, with formation of acid sulphites, from which the 
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normal salts are reprecipitated on boiling. They are also, soluble in 
dilufce hydrochloric acid (with partial decomposition) ; but on the 
addition of an oxidizing agent, such as chlorine water, free iodine, 
sodic hypochlorite, nitric acid, etc., they are immediately precipitated 
as insoluble sulphates (S02Mgo'' excepted). 

Sulphites generally contain sulphates. A precipitate consisting 
of baric sulphate is, therefore, frequently obtained on adding baric 
chloride to an acidulated solution of a soluble, or to a dilute hydro- 
chloric acid solution of an insoluble sulphite. 

On filtering ofE the precipitate, and adding chlorine water to the 
filtrate, a further precipitate is obtained, showing the presence of a 
sulphite. 

Traces of sulphurous acid are distinguished with difficulty by the odour alone, 
and it is preferable, therefore, to make use of the deoxidizing, as well as oxidizing 
action which the acid can exert. 

1. Sulphurous cund acts as a powerful reducing agent, 

NOsAgo giyes with sodic sulphite a white precipitate of arventle snlplilte, 
SOAgO}, soluble in excess of the alkaline sulphite. The precipitate blackens on 
heating, owing to the separation of metallic silyer, and conyersion of the SOH03 
into SO2H03, according to the equation : — 

SOAgOs + OH3 =» Ags + SO2H03. 

IXfifig^" produces a grey precipitate of metallic mercory, thus : — 

SOHgao" + OH2 = Hgi + SO2H02. 

The instances of the reducing action of sulphurous acid are yery numerous ; 
we need only refer here to its action upon solutions of AuCls, OrOaHos, 
Fe^Ol^, and others,, already noticed under the respectiye metals. 

2. Under f ayourable circumstances sulphurous acid acts as an oxidising agent, 
especially when brought in contact with other more powerful reducing agents, 
such as nascent hydrogen, SHa, SnClj, etc. Thus, by introducing the least trace 
of SOH02, or a sulphite, into a flask, in which hydrogen is generated from zinc 
and hydrochloric acid, SHj is immediately eyolyed, together with the hydrogen, 
and may be recognized by its odour and action upon lead paper. The change is 
expressed as follows : — 

SO2 + 3H2 = SH2 + 2OH2. 

SO2 and SH2 giye rise to the formation of pentathionic acid, with precipi- 
tation of white sulphur, according to the equation : — 

r SOsHo 
5SOs + 5SH2 » i S, + S5 + 4OH2. 

LSO2H0 
Pentathionic 
acid. 

Sulphurous acid added to stannous chloride in the presence of hydrochloric 
acid, gradually precipitates yellow 8nS2. The hydrogen of the hydrochloric 
acid acts as the reducmg agent, and is detached from the chlorine by the simul- 
taneous action of the SnCHa and SO2, the one eager to combine with chlorine, 
the other capable of yielding oxygen to the hydrogen, to form water, and ulti- 
mately sulpbur, to form SH2, which in its turn acts upon the stannic chloride, 
SnCli, (or SnCl2) to form yellow stannic sulphide, SnSj (or brown SnS). 
The following equations express the changes : — 

(1) SOH02 + SSnClj + 6HC1 = SSnClj + SHg + SOHj. 

(2) SnCl4 + ^SHa = SnS2 + 4HC1. 

YeUow 
stannic sulphide. 
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QUESTIONS AND EXEBOISBS. 

1. DoBoribe different methods of preparing sulphurous anhydride. 

2. How would jou prepare normal and acid potassio sulphite P 

3. What is the action of heat upon sulphites P 

4. Which sulphites are soluble and which are insoluble in water P 

5. Giye illustrations of the reducing action of sulphurous acid or of soluble 

sulphites. 

6. Explain under what ciroumstances solphuroua add can act as an oxidizing 

agent ; give instances of such action. 

7. How would JOU distinguish sulphurous in the presence of sulphuric acid P 

8. What changes take plfu;e when a mixture of dipotassic dichromate and sodic 

sulphite is treated with concentrated HCl P Qiye equations. 

9. How would you fix the sulphurous acid produced by the oombnttion of oar- 

bonio disulphide contained in coal gas P 



HYPOSULPHUROUS ACID^ SSOHo, {suLpKo'SuVphuric 
O'dd), — ^This acid has never been obtained in the free state. Com- 
bined with soda it forms an important salt, viz., sodic hyposulphite 
(the hyjpo of the photographer), obtained by boiling a solution of 
sodic snlphite with snlphnr, or by the oxidation of an alkaline per- 
snlphide in contiu;t with the air. 

REACTIONS IN THE DRY WAY. 

All hyposulphites are decomposed on ignition. Alkaline hypo- 
sulphites leave a polysulphide and a sulphate, thus : — 

4(SSONao2) = SfiNaa + SSOaNaoj. 

Others yield sulphites or sulphates, with evolution of sulphurous 
anhydride, owing to the oxidation of a portion of the sulphur. 

REACTIONS IN THE WET WAY. 

A SOLUTION OP SODIC HYPOSULPHITE, SSONaoj, IB employed. 

Most hyposulphites are soluble in water (baric hyposulphite is 
difficultly soluble in cold water), and their solutions may, with few 
exceptions, be boiled without decomposition. Calcic hyposulphite 
is gradually decomposed on boiling, the precipitate consisting of 
calcic sulphate and sulphur. The same decomposition takes place 
more speedily when hyposulphites are treated with sulphuric or 
hydrochloric acid. Sulphurous anhydride is evolved with separa- 
tion of sulphur. The precipitated sulphur is yellow, and not white, 
as is usually the case, when sulphur separates in chemical reactions. 
This chcmge cha/racterises hyposulphites. 

The same instability of the sulphm* atom, occupying the place 
of an atom of oxygen in sulphuric acid,* is observed, when hyposul- 
phites come in contact with salts, whose metals form with sulphur 
insoluble sulphides. 

* Beoent inyestigations (Beut. Chem. Gbs. Ber., yii, p. 646) render it pro- 
bable that the composition of hyposulphites is not SSOB02, but SOaBsyBo (B » 
monad metal). 
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NOsAgo gives a white precipitate of argentic liyposiilplilte, 

SS0AgO2, soluble in sodic hypo sulphite, which speedily turns 
yellow, then brown, and lastly black (SAga), especially on the 
application of heat, thus : — SSO Ag02 -f- OH2 = SAga -f SOaHoa. 

Mercurous nitrate and plumbic acetate give similar precipitates, 
which are decomposed by heat into HgaS or PbS, and sulphuric 
acid. 

SnCls gives a hrovm precipitate of SnS. 

Hyposulphites, like sulphites, are readily oxidized^ but yield under 
certain conditions oxygen to more powerful reducing agents, and 
become thus oxidizing agents. 

Free chlorine, sodic hypochlorite, ferric chloride, etc., oxidize hyposulphites 
completely to sulphates, even in the cold, thus : — 

SSONaoa + 4CI2 + SOHj = 2S02HoNao + 8H01. 
SSONaoj H- 4ClNao + OH2 = 2S03HoNao + 4NaCl. 

SSONao2 giyes with Fe201s at first a reddish-yiolet coloration (difpebekcb 
BETWEEN SULPHITES AND HYPOSULPHITES), hut on standing, the solution is 
slowly decolorized (more rapidly on heating), with formation of FeCl2) thus : — 

SSONao2 + 4Fe8Cl6 + BOHj » 2SOsHoNao + 8FeCa2 + 8HC1. 

Nascent hydrogen reduces hyposulphites to sulphides, which evolye with the 
acid sulphuretted hydrogen : — 

SSONaoa + 4Hs + 2HC1 » 2SHs + 3OH3 + 2NaCl. 

Sodic hyposulphite is a useful solvent for AgCl (hence its application in photo- 
graphy), Hfir20l2 and S02Pho'^ Calcic hyposulphite, SSOCao'', has also found 
an interesting application, as an agent for remoying the last traces of chlorine in 
the bleaching 01 paper pulp, and from fabrics bleached by means of bleaching 
potvdeTj to prevent their deterioration by the traces of chlorine which they are 
apt to retain. It has on that account received the name of awiichlor. The free 
hydrochloric acid which is formed in the reaction is neutralized by passing the 
fabrics through a weak alkaline bath. 

The property of sodic hyposulphite of dissolving AgCl has found an important 
metallurgical application in the removal of silver from poor argentiferous ores, 
after they have undergone the process of roasting with common salt, which con- 
verts the silver into AgCl, insoluble in water. 

Besides the three oxygen acids of sulphur just described, there 

... f SO Ho f ®^2-^° 

are others, such as dithionic, < ark'tr » trithionic, < S , tetra- 

1SO2H0 \sO,Ho 

rSOaHo rSOaHo 

tJdoniCy < S2 and pentathiomc adds, < S3 , which occur but 

t SOaHo t SO2H0 

rarely, and resemble one another considerably in their reactions. 
Their consideration must be reserved for a more extensive course of 
study. 

QUESTIONS AND EXERCISES. 

1. How is sodic hyposulphite prepared ? 

2. How would you prepare ferrous, aluminic, chromic, and mangaiious hypo- 

sulphites P 

3. How are hyposulphites affected by ignition P 
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4. What change takes place, when a solution of calcic hyposulphite is hoiled, 

1st, by itself, 2na, when it is treated with HOI P 
6. Explain the action of sodio hyposulphite upon plumbic, argentic, mercurous 

and stannous salts. 

6. Gtive instances, 1st, of the reducing action, and 2nd, of the oxidizing action 

of hyposulphites. 

7. Explain the term antichlor. 

8. State what application sodic hyposulphite has' found in photography and in 

metallurgy. 

9. GKve graphic formuLe for sulphosulphuric, dithionic, trithionic, tetrathionio 

and pentathionic aoids. 
10. How would you separate baric hyposulphite from baric sulphate P 



HTDROSXTLPHXTRIC ACID^ SH,. —Obtained as a colour* 
less gas by the decomposition of certain metallic sulphides, snch as 
FeS, ZnS, Sb2S8, by means of snlphuric or hydrochloric acid. It 
is characterized by a most foetid odonr, resembling that of rotten 
eggs. It is absorbed by cold water, forming salphuretted hydrogen 
water or hydrosnlphnric acid, which reddens bine litmns-paper 
feebly. Hydrosnlpharic acid exchanges its sulphur for the oxygen 
of most metallic oxides, botb in the diy and wet way, forming water 
and metallic sulphides. It is on this account a most valuable re- 
agent. Many of the native sulphides, e.^., iron jpy rites, galena, 
omndbar, zinc blende, are met with in vast masses. 

REACTIONS IN THE DRY WAT. 

Metallic sulphides are acted upon in various ways, when sub- 
mitted to heat. Some are decomposed, when heated in a close vessel, 
into metal and sulphur, e.g., AUgSs; some sulphides, such as 
PtSj, PeSa, SbaSft, SnSj, PbS yield up a portion of their 
sulphur and are reduced to PtS, PesS*, SbaSa, SnS, PbaS; 
others sublime without decomposition, such as ASsSg (orpiment), 
HgS (cdn/nahar). The greater number of metallic sulphides remain, 
however, undecomposed, when heated out of contact with atmo- 
spheric air. 

Most sulphides undergo a change, when roasted in a tube open 
at both ends. SAg2 leaves metallic silver (usually also a little 
S03Ag02), the sulphur by combining with oxygen, passes off as 
SO2; some sulphides leave a metsdlic oxide, e,g., SnS, Sb^Ss, 
BiiSs; others again, such as the sulphides of the alkalies and 
alkaline earthy metals, are converted into sulphates. Plumbic 
sulphide (galena) is converted into a mixture of oxide and sulphate ; 
cupric sulphide, when roasted at a high temperature, yields SOs 
and CuO ; at a lower temperature SO2CU0". FeS and other sul- 
phides of the iron group are partially converted into sulphates, 
which on the application of a stronger heat, lose their acid, leaving 
metallic oxides. Many native metallic sulphides are distinguished 
for their metallic lustre, such as iron and copjper pyrites, galena, grey 
antimony. The presence of a metallic sulphide cannot, however, be 
inferred conclusively from the evolution of SOa, since earthy sul- 
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phitcs are broken up, on ignition, into oxides and snlpharons 
anhydride. 

REACTIONS IN THE WET WAY. 

Alkaline and alkaline earthy sulphides a/re soluble in water (CaS 
and MgS are only sparingly soluble). Dilute hydrochloric acid 
decomposes them readily ipto metalKc chlorides and SH2. All other 
sulphides OAre insoluble in water. Several of the latter, such as FeS, 
MnS, ZnS are decomposed by dilute hydrochloric acid with evolu- 
tion of sulphuretted hydrogen. Others require concentrated hydro- 
chloric acid, such as NiS, CoS (difficultly soluble), SbaSs, SnSs, 
PbS. Sulphides whiob are insoluble, or difficultly soluble, in concen- 
trated hydrochloric acid, such as BiaSs, CuS, SAga, PbS, A82S3, are 
decomposed by concentrated nitric acid ; they are generally oxidised 
into sulphates — at first with separation of sulphur which, by pro-^ 
longed digestion, is for the most part converted into sulphuric 
acid. Others, such as HgS, PtSa, AUgSs. (ASgSs) dissolve in aqua 
regia, or hydrochloric acid and potassic chlorate, with separation of 
sulphur and formation of SO2H02, and of a metallic chloride. On 
dissolving PbS, SnSa, Sb^Ss, AS3S3, in concentrated nitric, instead 
of hydrochloric acid, they are converted principally into SOaPbo", 
SnOa, Sb^O*, AsaOfi. 

To detect SHa (in am aqusous solution) or a soluble sulphide (a 
solution of S Ama may be conveniently employed), add a solution of a 
salt of cadmium, lead, or silver, which gives by double decomposition 
a characteristic precipitate of a metallic sulphide : fine yellow for 
cadmium, black for plumbic or argentic salts. 

To analyse a sulphide decomposable by hydrochloric acid, the 
evolved sulphuretted hydrogen gas is made to act upon lead paper 
or is passed through a solution of a plumbic salt. (Iron pyrites, 
FeSa, and copper pyrites, C'a2S,Fe2S8, give off SHa only in the 
presence of hydrochloric acid and zinc). 

Sulphides which are not decomposed by hydrochloric acid, yield 
Bulpbur on treatment with nitric acid or aqaa regia, and must be 
recognized by this and the products of decomposition, such as 
SnOa, SOaPbo", as well as the reactions which they give, when 
examined in the dry way. 

Miiny natiye sulphides, such as fahl ore, etc., are expeditiously examined by 
heating the finely-powdered mineral in a hard glass tube, in a current of dry 
chlorine gas, when the metals are converted into chlorides and the sulphur into 
Tolatile chloride of sulphur, which is decomposed on bei^g passed into water. 

To detect a soluble sulphide in the presence of free SHa, ^^ & few drops of a 
polution of sodio nitroprusside. This reagent does not affect free SHj, but giyes 
a fine purple colour with the merest traces of soluble sulphides. The colour dis- 
oppears only after some time. 

A mixture containing a soluble alkaline sulphide, hypostdphUe, sulphite, oi 
sulphate may be examined by adding OOCdo'' to the aqueous solution. Filter, 
disBolye the excess of OOCdo'' in the precipitate by means of dilute acetic acid j 
a residue of yellow OdS indicates the presence of an alkaline sulphide. Add to 
the filtrate BaOla ; a precipitate is obtained, consisting of SOaBao" and SOBao'^ 
Filter off; digest the precipitate with dilute hydrochloric acid, and filter. A 
white residue shows the presence of an alkaline sulphate. Add chlorine water to 
the filtiate ; a precipitate of SOaBao'' indicates the presence of an alkaline sul- 



NITRIC ACID. 113 

phite. The filtrate from the BaClj precipitate is searched for SSOHos bj the 
addition of HCl and boiling. A precipitate of yellow sulphur and the odour of 
SOs indicate the presence of a hyposulphite. 

To remove SHj from a ^^eous mixture of OO3 and SHj, add a solution of 
cupric chloride and shake up with the gases. 

QUESTIONS AND EXERCISES. 

1. Explain the changes which take place when hjdrosulphurio acid is passed 

through saline solutions, the metals of which form insoluble sul^des. 
Gtive instances. 

2. Explain the action of heat upon the different metallic sulphides. 

3. Which sulphides are soluble and which are insoluble in water P 

4. Explain how certain sulphides are affected by dilute hydrochloric acid, and 

how by concentrated hydrochloric acid. G-ive characteristic instances, 
and express the changes by equations. 
6. Describe the most delicate reaction for gaseous 8H3. 

6. What is the action of nitric acid upon ZnS, FbS, OuS, SnS, SbjSaP 

7. How would you prove the presence of an alkaline sulphide, hyposulphite, 

sulphite, and sulphate in an aqueous solution P 

8. State how you would separate SH3 and OO3 contained in a gaseous mixture. 

9. How can you prove the presence of SH3 in coal gas P 

10. 10 litres of unpurified coal gas yielded *236 grm. of OdS. What is the 

percentage of SHs in the gas P 

11. '650 grm. of galetui gave '632 grm. of SOaPbo'^ What is the percentage of 

Pb and of S in the e.ilena P 

12. What change takes pkoe when PtSai SbjSs, FeSs, AasSg, and HffS are 

heated with exclusion of air P 

13. How would you test for SHj in sewer gases P 

14. How would you detect sulphur in pig iron P 

16. Explain the action of chlorine, bromine, and iodine upon SH^P 
16. How is sulphur detected in organic compounds, such as coal P 



NITRIC ACID, NOsHo.— Obtained as a colourless, hi^ly 
corrosive, volatile liquid, of a deep yellow colour when it ia nuxed 
with nitrons acid. It is characterised by the facility with which 
it parts with its oxygen, and it is this property of which we avail 
ourselves invariably, when nitric acid or a nitrate has to be detected. 

BEACTIONS IN THE DRY WAT. 

Most nitrates fuse readily when heated. All are decomposed 
when exposed by themselves to a high temperature. The decomposi- 
tion varies with the nature of the base ; a lower oxide of nitrogen 
and oxygen being generally given ofE. Thus ammonic nitrate, 
NOaAmo, breaks up into ONs and OHa ; potassic or sodic nitrate 
into nitrite (always contaminated, however, with nitrate and caustic 
alkali) with liberation of oxygen, and ultimately into oxide — nitror 
gen and oxygen being given ofE ; others, such as plumbic nitrate, 
into and N2O4, leaving the oxide of the metal. When heated 
together with bodies eager to take up oxygen, such as carbon (char- 
coal, alkaline cyanides, etc.), sulphur or phosphorus, the decompo- 
sition becomes explosively violent, and nitrogen gas only is left as 
the remnant of the molecule N2O0. (Chlorates explode in like 
manner, but leave metallic chlorides.) 
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BBACTIONS IN THE WET WAY. 

With the exception of a few basic salts, nitrates are readily 
soluble in water ; hence nitric acid cannot be tested in the nsnal 
'^^Jy by producing precipitates by way of double decomposition. 
When acted upon by various reducing agents, the deoxidation of 
the acid may be partial (accompanied by the evolution of lower 
oxides of nitrogen), or complete (nitrogen only being left) ; in which 
case the nascent nitrogen is capable of combining with hydrogen in 
the nascent state to form ammonia. 

1st. ReacbUms in which nitric acid is reduced to lower oxides of 
nitrogen, 

A SOLUTION OF NITRIC ACIP OB OF POTASSIC NITRATE, N02Ko, may 

be employed. 

NO2H0 (or NO2K0) is decomposed when heated with concen- 
trated hydrochloric acid (or a chloride when heated with nitric 
acid). Chloronitric gas,* N202014, is evolved, and the liquid acquires 
the power of dissolving gold-leaf or platinum foil, wiiich are not 
soluble in single acids. (Chlorates, bromates, iodates, chromates, 
and permanganates evolve chlorine when treated with hydrochloric 
acid ; they dissolve gold or platinum, but give ofE no N2O3.) 

Add to a dilute solution of ferrous sulphate cautiously its own 
volume of concentrated sulphuric acid (free from nitric acid), and 
allow the mixture to cool ; then add gradually a solution contain- 
ing a nitrate. A ring is seen to form at the point of contact of the 
two layers, of a violet, red, or dark brown colour, according to 
the quantity of the nitrate present. The coloration is increased by 
carefully shaking up the fluid, but it disappears on heating. This 
is owing to the formation of a transient compound of the ferrous 
salt with N2O2, consisting of four molecules of the salt with one 
molecule of nitric oxide (4SOjFeo",N202). The other three atoms 
of oxygen from two molecules of nitric acid oxidize six molecules of 
ferrous into three molecules of ferric sulphate, Ss06Fe20^. This con- 
stitutes one of the most deHcate reactions for nitric acid. The change 
may be expressed thus : — 

10SO2Feo" + 3SO2H0J + 2N0,Ho = 3S80eFe20^ 
-f 4SOaFeo",N,0, -f 40Ha. 

A solution of a nitrate, when added to a solution of indigo in sulphuric aoid 
(sulphindigotic acid), changes the blue colour of the indigo to yellow. (Free 
chlorine and other oxidizing agents bleach indigo likewise.) 

Metallic copper (Ag, Zn, Pb, or Hg) is dissolved by nitric acid 
with evolution of ruddy frunes, and by potassic nitrate on the addi- 
tion of sulphuric acid. 

A similar reaction takes place, when copper filings are mixed with a nitrate 
and hjdric potassic sulphate and fused in a test-tube or crucible. 

Minute quantities of nitrates found in mineral waters, in rain 

* From the recent inyestigations of Tilden (Chem. Soc. Joum., July, 1874, 
p. 634) it appears that Gay Jjiuaac^s N3O3CI4 gas is a mixture of nitrosyl mono- 
ohloride, NOCl, with yarying quantities of chlorine. 
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water, or water draining from arable land, may be detected by first 
reducing the nitrate to nitrite. This is effected by heating the solu- 
tion for some time with a little zinc amalgam. On filtering and 
adding to the filtrate a solution of ferrous salt, a dark brown colora- 
tion is obtained ; or by adding a drop of a solution of potassic iodide, 
some freshly prepared cold starch solution, and a little acetic (or very 
dilute sulphuric) acid, a fine blue precipitate of iodide of starch is 
produced, thus : — 

2NOKo + 2KI + 2SO,Ho2 = NjO^ + 2SO2K0, + I, + 20Ha. 

This reaction is exceedingly delicate. 

2nd. Beactions m which nitric add is entirely reduced, a/nd its 
nitrogen con/oerted into ammonia. 

All nitrates when fused with caustic potassa, lime, or soda-lime, 
and some non-nitrogenous organic substance, such as sugar or starch, 
evolve ammonia, thus : — 

6NOaKo -f I8KH0 4- OijHjiOn = 12COKo, + 6NHs + llOH,. 

Sugar. 

The gas may be readily recognized by its odour, or action upon 
red litmus paper. 

Nascent hydrogen, produced by the action of KHo upon metallic 
zinc, iron, or aluminium, gives rise, in the presence of a nitrate, to 
the formation of ammonia, thus : — 

(1) Zn -f 2KHo = ZnKoj -f- Hj. 

(2) NOaKo + 4Hg = NHs + KHo + 20Ha. 

When stannous chloride, hydrochloric acid, and a nitrate are 
heated together, the tendency of the stannous chloride to combine 
with two more atoms of chlorine to form stannic chloride, aided by 
the oxidizing action of nitric acid upon the hydrogen, breaks up 
hydrochloric acid, with formation of stannic- chloride and ammonia, 
thus : — 

4SxiCla + NOaKo 4- lOHCl = 4SnCl4 + NH4CI + KCl + 30H,. 

To detect free nitric acid in the presence of a nitrate, eyaporate the solution 
on a water-bath with quill cuttings or white woollen fabrics. I^itric acid colours 
these substances yellow. Or digest the solution at a gentle heat with OOBao'', 
filter off and test the filtrate for barium by means of sulphuric add. 

QUESTIONS AND EXERCISES. 

1. Explain what changes take place when nitrates are heated by themselves. 

2. State what action takes place when ferrous, cuprous, and mercurous chlorides 

are beated with nitric acid. 
8. Why can the metals Cu, Fb, Ag, be employed for the detection of nitric acid 

or a nitrate ? 
4. Explain what changes take place when a solution of potassic nitrite, potassic 

iodide, starch, and dilute sulphuric acid are mixed together. 
6. How can ammonia be obtained from a nitrate P Describe several processes. 
6. How would you test for nitrates in a soil, in sewage water, in mineral 

waters? 

I 2 
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7. How much ferrous sulphate (SOHosFeo" + 6aq.) is required for the complete 

decomposition of 1 grm. of pure potassio nitrate P 

8. Calculate how much nitre is required to deflagrate, Ist, 1*5 grm. of sugar, and 

2nd, *5 grm. of sulphur. 

9. How is free nitric acid detected in the presence of a nitrate P 



NITROUS ACID, NOHo.— Botli the acid and anhydride are 
marked by their proneness to undergo decomposition in the presence 
of water, into nitric acid and nitric oxide. 

REACTIONS IN THE DKT WAT. 

Nitrites fase and are decomposed on ignition into oxides, with 
evolution of nitrogen and oxygen. Ammonic nitrite (NOAmo) 
breaks up when heated, into nitrogen and water. Mixed with 
carbon, potassic cyanide, sulphur, and other oxidizable bodies, 
nitrites deflagrate like nitrates, with which they have, in &ct, most 
of the dry reactions in common. 

REACTIONS IN THE WET WAT. 

All nitrites are soluble in water ; argentic nitrite, NO Ago, is 
difficultly soluble, and serves for the preparation of pure nitrites, by 
double decomposition with neutral soluble chlorides. Dilute acids 
liberate N20a and convert a portion of the nitrite into nitrate, 
thus : — 

3NOKo + SO2H02 = N2O2 + NO2K0 + SOaKoa -f- OH2. 

The reactions by which the presence of nitrous acid can be 
readily recognized, may be divided into two classes : — 

1st, Beactions in which the acid acts as an oxidizing agent : — 

8H3 decomposes aqueous solutions of alkaline nitrites, with formation of 
KsOs (of KHs when the reaction goes on for some time) and alkaline sulphides, 
thus: — 

2NOEo + 2SH3 = KsOs + 20H8 + 83X3. 

In acid solutions the .decomposition is accompanied by a copious separation 
of sulphur. 

FeCl}, on the addition of a little hydrochloric acid, is turned dark hrown, if 
a nitrite be present, owing to the ahsorption of N3O3 gas hy a portion of the 
unoxidized ferrous salt. On the application of heat N3O3 is CTolyed, thus : — 

2FeCl3 + 4HC1 + 2NOKo = FesCle + 2EC1 + N3O2 + 2OH2. 

N0(NH[40) breaks up, on the application of heat, into N and OH3, the hydro- 
gen of the NH4 acting as the reducing agent. Nitrites containing fixed bases are 
decomposed in like mifmner, on the addition of amnionic chloride (or some other 
ammonic salt), thus :-^ 

OOAmoj + 2NOKo = N4 + 40Hj + OOK03. 

KI and starch solution gire in the presence of a nitrite uid a dilute acid blue 
iodide of starch. (See under HI, p. 128). 

2nd. Beactions i/n which the add axsts a^ a reducvtig agent, amd is 
eofiverted into tdtric add, thus :— 

2NOHo + 02 = 2NO3H0, 
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AuOla and HsrsCla giye metallic gold and grey metallio mercury. 

1 Mno'rox 1 oxidizes nitrites into nitrates in the presence of a mineral 

aoid (SO2H03, HCl), and the permanganate solution is rapidly decolorized. 

OrjfOsKoj is reduced under simihur conditions to a chromic salt. Nitrates 
are not affected by potassio permanganate or alkaline ohromates. 

FbOs converts NOHo into NOjHo ; but does not act upon dilute NOsHo 

(DISTIirOTIOir BETWEEN KITBOITB AND NITBIO AOID). 

QUESTIONS AND EXERCISES. 

1. Explain the changes which take place when N2O4 is acted upon by KHo. 

2. Explain what takes place when nitrites are heated, 1st, by tnemselyes ; 2nd^ 

m contact with carbon or sulphur. 
8. How can NOEo be separated from NOaKo P 
4. What is the action of dilute sulphuric acid upon NOEo P 
6. GKve instances, 1st, of the oxidizing, and 2nd, of the reducing action of 

NOHo ; and express the changes by equations. 

6. What are the products of decomposition of strongly ignited N204Pbo'', 

N0(NH40), and NOKo P 

7. How can a trace of a nitrite be detected in the presence of a nitrate P 

8. Explain the action of concentrated NO3H0, 1st, upon staroh, 2nd, upon 

AsaOj. 

9. How would you prepare pure ^qObo*' P 

iro 

10.* Explain the action of heat upon a solution of wq^^^ ^^^ AmOL 



HYDROCHLORIC ACID; HCL — Gaseous hydrochloric 
acid IB readily absorbed by water, and forms then one of the most 
TLsefdl acids. Chlorides are among the most important chemical 
componnds. They differ considerably in their physical properties* 

REACTIONS IN THE DET WAY. 

Some chlorides are Hqoid and can be distilled without decom- 
position, such as SnCU, SbCU; SbCls is a soft grey crystalline 
ftisible solid which distils at 225^ 0. ; others are soliij) fusible and 
non-volatile at a moderate heat, such as A^Cl, PbCU, BaGl«, NaCl. 
Upon ignition certain chlorides, such as AuGla, PtGU, are decom- 
posed with evolution of chlorine gas, first into AuGl, and PtGli, 
which are almost insoluble in water, and finally into Au and Pt. 
Magnesic chloride is decomposed by heat in the presence of water 
into MgO and 2HG1. Anhydrous ferric chloride, when heated in 
contact with air, is decomposed into FeaOs and SGU. 

Heated in a bead of microcosmic salt, saturated with cupric 
oxide, chlorides impart a blue colour to the outer fiame^ owing to the 
formation of volatile CuGU. 

When a &nj chloride is mixed with dipotassic dichromate and 
concentrated sulphuric acid, and gently heated in a small retort, a 
de&p hrowmsh-red gas, called clilorocliroiiile aeld, CrOaGla, comes ofi^, 
which condenses to a like coloured liquid, and can be collected in a 
receiver. The reaction which takes place is expressed by the 
equation :— 
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4NaCl + CrAKoa -f- 3SO2H03 = 20r02Cla -f- 2SO,Nao3 

Chlorochromic acid. 
+ SOaKoa -f- 3OH2. 

This liquid is speedily decomposed, on dilution with water, into 
chromic and hydrochloric acids, thus : — 

CrOaCl, + 2OH2 = CrOaHo, -f- 2HC1 ; 

or by aqueous ammonia or potassic hydrate into the corresponding 
salts. The presence of chromic acid, and indirectly of hydrochloric 
acid, is inferred from the yellow precipitate which a plumbic salt 
produces with their solutions. This reaction is employed for re- 
cognizmg chlorides m the presence of hroniides. The latter yield 
bromine when treated similarly. 

REACTIONS IN THE WET WAY. 

A SOLUTION OF soDic CHLORIDE is employed. 

All chlorides may be divided into : — 

Ist. Chlorides insoluble in water,, such as AgCl and Hg2Gl2, 
which are quite insoluble; PbCl2, which is difficultly soluble in 
cold, readily soluble in boiling water ; and CUaGU, AuCl and PtClai 
which are almost insoluble in water. 

2nd. Chlorides which a/re soVubls in water, comprising all other 
chlorides. 

In order to ascertain the presence of a soluble chloride, or of 
hydrochloric acid, we have merely to add a soluble argentic, mer- 
curous or plumbic salt, when a white precipitate is produced. The 
first of these salts answers every purpose, and is therefore invariably 
employed to detect hydrochloric acid. 

NOaAgo gives a white owrdy precipitate of arventle ehlorlde, AgCl, 
especially from a solution acidulated with dilute nitric acid. The 
precipitate turns violet on exposure to light. It is insoluble in 
dilute nitric acid ; soluble in ammonic hydrate, but is reprecipitated 
unchanged, on the addition of nitric acid ; it is likewise soluble in 
potassic cyanide and sodic hyposulphite ; soluble to a considerable 
extent in alkaline chlorides, ^m which AgOl is reprecipitated on 
dilution. Argentic chloride fuses without undergoing decomposi- 
tion, to a horn-like mass, called homsiher, when gently heated. 

Chlorides are detected also by heating with a little black man- 
ganic oxide and concentrated sulphuric acid, when chlorine is 
evolved according to the equation : — 

MnOa + 2NaCl -h 2SOaHoa = CI, -h SOaMno" -h SOaNao, 

-f- 2OH2. 

This gas is readily recognized by its characteristic odour and 
bleaching properties, its yellowish-green colour, and its action upon 
iodized stu^ch paper, or upon a dilute solution of potassic iodide and 
freshJ/y prepared starch solution, giving rise to the formation of blue 
iodide ^starch. 
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Concentrated snlphnric acid liberates gaseons hydrochloric acid 
from chlorides, thns : — 

2NaCl + SO2H02 = SOzNaoa +2HC1. 

HgCU, HgjCls, AgCl, PbCla, SnCla, and SnCU, are decom- 
posed, with difficulty only, or not at all, by concentrated salphoric 
acid. 

In order to effect the decomposition of insoluble chlorides, such 
as AgCl, Hg2Cl2, and PbCU, they are mixed with fusion mixture, 
perfectly free from alkaline chlorides and heated in a porcelain 
crucible. The chlorine is thereby transferred to the alkali metals, 
and may be readily detected by means of argentic nitrate in the 
aqueous extract, after acidulating with dilute nitric acid. 

Traces oifree HCl, in the presence of a soluble chloride, are best detected by 
gently heating with UnOs or FbOj, and passing the eyolred chlorine into a 
solution of potassic iodide and starch. The chlorine liberates iodine (2KI + 
Gls — 2£C1 + Is) which forms with the starch blue iodide of starch. 

QUESTIONS AND EXESCISES. 

1. How are the sereral solid chlorides acted upon by heat ? 

2. How is chlorochroinic acid prepared P 

3. Classify all chlorides according to their solubility in water. 

4. Describe the most oharacterLstio tests for chlorine, as well u for hydrochloric 

acid or chlorides. 

5. How are insoluble chlorides examined ? 

6. How would you detect free HCl in the presence of a metaUic chloride ? 

7. Explain the action of distilled water, of chlorine water, ammonic hydrate, 

potassic cyanide, sodic hyposulphite, and sulphuric acid upon AgOl, 
HfirsC^S) tuid FbCls. 

8. You haye given to you 100 c.c. of a liquid containing free HOI and a solu- 

tion of sodic chloride. 60 c.c. of the liquid gave 2*346 grms. of AgOL 
After eyaporation and ignition of the other 60 c.c. the residue yielded on 
precipitation with ai^gentic nitrate 1'696 gnn. of AgOl. What is the per- 
centage of HOI and of sodic chloride in the liquid P 



CHLORIC ACIDi | q^^^.— Obtained, in combination with 

calcinm, by passing chlorine through a solution of calcic hydrate 
and potassic carbonate to complete saturation. To a concentrated 
solution of the calcic chlorate, formed according to the equation : — 

fOCl 

6CaHo» + 601, = 1^ QOao'' + SCaOl, + 6OH3, 

001 

add a solution of potassic chloride, when calcic chloride and potassic 

chlorate, < q^ , are formed by double decomposition. Potassic 

chlorate, being little soluble in cold water, and still less so in a 
solution of csJcic chloride, crystallises out, and is washed with cold 
^ater and purified by recrystallisation. 



< 
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REACTIONS IN THE DRY WAY. 

All chlorates are decomposed by heat; they fuse and evolve 
oxygen, or a mixture of chlorine and oxygen, according to the 
greater or less affinity of the metal for oxygen or chlorine, leaving a 
residae, consisting of a metallic chloride, oxychloride, or oxide. 

On heating a few crystals of potassic chlorate in a test- tube, the 
presence of oxygen can be shown by introducing a glowing splinter 
of wood into the tesi>-tabe. On dissolving the fvLBed mass in water, 
and adding a drop of argentic nitrate, a white curdy precipitate is 
obtained, whilst a solution of a pure chlorate (unignited) gives no 
precipitate. 

Chlorates part with their oxygen far more readily, upon ignition, 
than nitrates. When mixed with oxidizable substajices, such as G, 
S, P, OP KCy, they explode violently, even when gently rubbed 
together in a mortar, or when moistened with a drop of concen- 
trated sulphuric acid. Care should, therefore, be taken to powder, 
or heat together, only very small quantities of a chlorate and organic 
substances. 

REACTIONS IN THE WET WAY. 

A SOLUTION OF POTASSIC CHLORATE may be employed. 

All chlorates cure soluble in water. Li order, therefore, to detect 
chlorates, we avail ourselves of their powerful oxidizing action, and 
their leaving for the most part a chloride on ignition. Strong 
hydrochloric and sulphuric acids decompose chlorates, with evolution 
of chlorine and formation of lower oxides of chlorine. 

Concentrated sulphuric acid decomposes potassic chlorate even 
in the cold, a greenish-yellow gas, oaUed chloric peroxide, OiCls, 
comes off, which is recognized by its suffocating odour. On the 
application of heat (especially on operating with somewhat large 
quantities) violent explosions occur. A few small crystals only of the 
chlorate should, therefore, be employed, and the test-tube should be 
held with its mouth turned away from the operator.' The change 
may be expressed by the equation : — 

3 < X^ + 2SOaHo, = 2SO,HoKo + ^ O + < O, + OH,, 
l"^^ [OKo LOCI 

Fotassio Chloric 

perchlorate. peroxide. 

HCl, especially when heated, decomposes potassic chlorate, 
giving off a mixture of chloric pero^^ide and free chlorine, called 
euchloriney thus : — 

8< J;^ + 24HC1 = 3< O2 + 9C1, + 8KC1 + I2OH2. 
\QKo |q(.j 

A solution of indigo (sulphindigotic acid) is decolorized on the 
addition of a solution of a chlorate and a little sulphuric acid, by a 
reaction analogous to that produced by free nitric acid. 

Perchlorates are more stable than chlorates. Concentrated sul- 
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phnric acid fails to decompose perchloric acid in the cold and with 
difficulty only on heating. (Distinction prom chloric acid.) Hydro- 
chloric, nitric, and sulphnroos acids do not decompose aqneons 
solutions of perchlorates, nor is indigo solution decolorized. All 
perchlorates are soluble in water, most of them freely. Potassio 
perchlorate is sparingly soluble in water, insoluble in alcohol. 

In order to distinguish a nitrate from a chlorate^ dusolye a small portion 
of l^e two salts in water, and add a few drops of argentic nitrate to make sure 
that no chloride is present. Ignite another portion strongly till the eyolution of 
oxygen ceases ; allow to cool, and dissolve out with hot water. To one portion of 
the solution add a few drops of dilute nitric acid, and then argentic nitrate. A 
white curdy precipitate inoicates the presence of a chloride, and, indirectly, of a 
chlorate. To' the other portion of the solution add potassic iodide and starch 
solution, and then a few drops of acetic acid ; a blue coloration of iodide of starch 
proves the presence of a nitrite, deriyed from the potassic nitrate. 

If a chloride be present, as well <u a chlorate and nitrate^ a solution of argentic 
sulphate must he added to the solution, as long as a precipitate comes down. The 
AgGl is filtered off, and the filtrate evaporated to dryness, with the addition of a 
little pure sodic carbonate, and the residue strongly ignited. The dry mass is 
extracted with a little boiling water, filtered, and argentic nitrate added to a por- 
tion of the acidulated (NOaHo) solution, as long as a precipitate comes down. 
The remaining portion is tested for nitric acid, either by the iodide of starch 
reaction, or by means of a ferrous salt and sulphuric acid. 

QUESTIONS AND EXERCISES. 

1. State briefly how potassic chlorate is prepared. 

2. Describe the changes which potassic chlorate undergoes on ignition. 

3. Explain the action — Ist, of concentrated sulphuric acid ; 2nd, of concentrated 

hydrochloric acid upon potassic chlorate. GHlve equations. 
4s. How can a chlorate be detected in the presence of a chloride ? 
6. How can a nitrate and a chloride be recognized in the presence of a 

chlorate ? 
6. Introduce some strips of metallic copper into a mixture of potassic chlorate, 

arsenious acid and hydrochloric acid, and explain why no precipitate of 

metallic arsenic is obtained on the copper. 



HYPOCHLOROUS ACID, CIHo.— The salts which this 
acid forms possess considerable interest, on account of the powerful 
bleaching action which they exert in the presence of acids. Of im- 
portance are the sodic and calcic hypochlorites, which are obtained 
along with the corresponding chlorides, by passing chlorine through 
a solution of the carbonates or hydrates. An important compound 
closely related to the hypochlorites is the calcic chlorohypochlorite 
(a constituent of chloride of lime or bleaching powder*) ^ which appears 
to be formed according to the equation : — 

CaHoa + Cla = Ca(OCl)Cl + OH^. 

Hypochlorites are gradually decomposed on exposure to air 
(owing probably to the action of the carbonic anhydride contained 

* GThe actual composition of this important body is usually expressed by the 
formula :— Oa(OCl)01,OaO,20H2, requiring 32*42 p.o. of chlorine, more accu- 
rately, however, by that of Oa(OCl)Cl,OaHo2, which requires 36*82 p.c. of 
chlorine. 
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in air). Dilute acids liberate chlorine, and it is on this acconnt 
that hypochlorites are of such great value as didnfectcmts and 
bleaching agents, 

BBACTIONS IN THE DRY WAY. 

Hypochlorites are converted into chlorates (which give off oxygen 
when ignited), and chlorides, thus : — 

OCl 

QCao" -f SCaOl,. 

1 OCl 



6Ca(0Cl)Cl = 



REACTIONS IN TB[E WET WAY. 

We employ A solution of calcic or bodio hypochlorite, 
ClNao. 

All hypochlorites are soluble in water. Their aqueous solutions 
bleach vegetable colours. On heating or evaporating dilute solu- 
tions of hypochlorites, they are decomposed into chlorides and 
chlorates, concentrated solutions into chlorides and oxygen. Dilute 
hydrochloric acid decomposes them with evolution of chlorine. 
(Distinction between hypochlorites and chlorates.) Hypochlo- 
rites yield oxygen to readily oxidizable substances, and become 
converted into chlorides ; the detection of hypochlorous acid is 
based upon the various processes of oxidation to which its salts can 
give rise, thus : — 

A82O3 is oxidized to ASjOs. 
MnCla „ „ MnOj. 
PbO „ „ PbOs. 

PbS „ „ SOaPbo". 

{cO?o " " 200, + OH,. 
Indigo or litmus is readily decolorized. 

QUESTIONS AND EXEECISES. 

1. Qive the graphic formula for calcic chlorohypochlorite. 

2. Qive illuBtratioxiB of the oxidizing action of hypochlorites. Ezprees the 

changes by equations. 
8. How is bleaehinff powder prepared P 

4. Explain the bleaching action of an aqneons solution of a hypochlorite. 
6. What change takes place — 1st, when a hypochlorite is ignited by itself; 

2ndly, when a concentrated solution of a hypochlorite is boiled ? 

6. Explain the deodorizing action of hypochlorites when brought in contact with 

SH3, SAni2, PHst irHf. 

7. How can a hypochlorite be distinguished in the presence of a chloride ? 

8. A sample of bleaehinff powder contains 26*6 per cent, of chlorine. How much 

AssOs by weight will be required to deoxidize (" dechlorinize") 1*236 
gim. of the bleaching powder r 

HYDBOBBOMIO AOID, HBr.— The element bromine occurs 
in nature mainly in combination with the fixed alkalies and the 
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metals of the alkaline earths (calcium, magnesium), forming salts, 
called bromides, which reisemble the chlorides of the same metals 
very closely, and from which we derive both bromine and hydro- 
bromic acid. 

REACTIONS IN THE DRY WAY. 

Most bromides remain unaltered when ignited ; others are vola- 
tilized without decomposition. AaBr3 and PtBr4 are decomposed 
upon ignition into metal and bromine, which latter volatilizes. Many 
bromides are acted upon, when ignited with free access of air, and 
are converted into oxides and free bromine ; others again, such as 
Al2Br6, etc., are decomposed, on evaporation of their aqueous solu- 
tions, into oxides and hydrobromic acid. KBr and NaBr are con- 
verted, to a great extent, into KCl and NaCl, on repeated ignition 
with ammonic chloride. When fused with hydric potassic sulphate, 
bromides are decomposed into sulphates, with evolution of sul- 
phurous anhydride and bromine. The few insoluble bromides of 
the heavy metals are converted into soluble alkaline bromides by 
fusion with alkaline carbonates. 

Heated before the inner flame of the blow-pipe on a bead of microooemic salt, 
in which a little cupric oxide has been diffused, bromides impart a blue colour to 
the flame, which passes into ,qreen, especially at the edges. This distinction 
between chlorides and bromides is, however, not yery marked. 

EBACTIONS IN THE WET WAY. 

A SOLUTION OF POTASSIC BROMIDE, KBr, may be employed. 

All metallic bromides can be divided into— 

1st. Bromides which wre insoluble in water, such as AgBr, 
'Hg'aBra, PbBra (less soluble in water than PbClg), and — 

2nd. Bromides which are soluble in water, comprising all other 
bromides. 

Certain bromides, e,g., SbBrs, BiBrs, are decomposed by water 
into insoluble oxybromides and hydrobromic acid. They resemble 
in this respect the corresponding chlorides. 

In order to detect hydrobromic acid or a soluble bromide, add a 
solution of an argentic (mercurous or plumbic) salt to the solution, 
when a yellowish white precipitate of arsentlo bromide, AgBr, is 
formed, which is insoluble in dilute nitric acid, somewhat soluble in 
concentrated ammonic hydrate, readily soluble in potassic cyanide or 
sodic hyposulphite. By decanting the supernatant liquid, washing 
with a little water, and treating the precipitated argentic bromide 
with strong hydrochloric acid, reddish brown fumes of bromine are 
evolved which colour starch paste yellowish, (Distinction between 
AgBr AND AgCl.) 

Insoluble bromides, such as AgBr, HgaBra, PbBrt, can be 
decomposed by heating in a test-tube with alkaline carbonates (free 
from chlorides). The aqueous extract is tested for hydrobromic 
acid, and the insoluble residue for silver or lead. HgaBra gives a 
sublimate of metallic mercury. 

In the absence of any well-marked distinguishing features in the 
ai-gentic bromide precipitate, it is preferable to liberate bromine 
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from soluble bromides, and to cause the reddisli-hrovm vapour to act 
upon starch paste with formation of yellowish bromide of sta/rch. 

Nitrous acid (or a nitrite and dilute hydrochloric acid) does not 
liberate any bromine from soluble bromides. (Distinction between 
BROMIDES AND IODIDES.) All bromides are, however, decomposed by 
chlorine, with evolution of bromine, which remains dissolved in the 
aqueous solution. On shaking with a little ether, the bromine is 
taken up by the ether, forming a yellowish-red liquid, which floats 
on the top of the saline aqueous solutiou. This ethereal Hquid may 
be removed by means of a small pipette, and on being treated with 
potassic hydrate is converted, on evaporation, into potassic bromide 
and potassic bromate, thus : — 

3Br, + 6KH0 = 6KBr + { qko '^ ^^^»• 

Bromine is obtained from natural bromides, such as potassic, 
magnesic, and calcic bromides, by reactions analogous to those 
employed for the preparation of chlorine from common salt (page 
118) ; for instance, on distilling with manganic oxide and concem- 
trated sulphuric acid, thus : — 

2KBr + M11O2 + 2SO2HO2 = Bra -f SO2K02 -f SOaMno" + 20Ha, 

or by distilling a bromide with dipotafisic dichromate and sulphuric 
acid, thus : — 

6KBr -f CraOfiKoj + 7S02Hoa = 3Br2 + SaOeCraO^ -f 4SO2K02 

■f 7OH2. 

A mixture of a bromide and 
manganic oxide, or dipotassic 
dichromate is introduced into a 
tubulated retort (Fig. 16), with 
concentrated sulphuric acid, 
diluted with its own weight of 
water, and gently heated over a 
gas flame. The reddish-brown 
vapours of bromine passes over, 
and condenses in. a flask (which 
should be kept cold by a stream 
of water, or better still, in a 
vessel surrounded with ice), to a 
reddish-brown heavy liquid. 
p,Q 26. Concentrated sidphuric acid 

alone evolves hydrobromic acid, 
together with bromine and sulphurous anhydride, thus : — 

4KBr + 3SOaHo, = Br, + 2HBr + 2SOaKo, -f 20Ha -f SO2. 

Concentrated nitric acid evolves bromine, together with nitrous 
fumes, thus: — 

2KBr -h 4NO2H0 = Br2 -f 2NO2K0 + N2O4 -f 2OH2, 
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In the two lasfc reactions the sulphuric and nitric acids act as 
oxidizing agents, performing in fact the functions of the manganic 
oxide and dipotassic dichromate in the former reactions. 

It is obyiooB that the hydrogen may also be remoyed from hydrobromic aoid 
(or the metal from a metallic bromide) by other oxidizing agents, suoh as per- 
manganates and metallic peroxides, in the presence of an acid. 

Bromine is a heavy reddish-brown liquid, of disagreeable odour, 
resembling the odour of chlorine. It boils at 63^ C, and volatilizes 
at the ordinary temperature. Bromine vapour bleaches vegetable 
colours like chlorine gas. It is difficultly soluble in water, somewhat 
more soluble in alcohol, and readily soluble in ether to a yellowish- 
red liquid. 

Bromine (like chlorine) is an oxidizing agont, i.e., it is eager to 
combine with hydrogen, and is capable of decomposing water, 
sulphuretted hydrogen, etc., under favourable circumstances (e.g., 
sunlight), with liberation of oxygen, sulphur, efcc. We avail our- 
selves of this tendency to prepare hydrobromic acid, which cannot 
be obtained pure by distilling a bromide with sulphuric acid. By 
passing sulphuretted hydrogen through bromine suspended in water, 
a colourless solution of hydrobromic acid is obtained, and sulphur 
separates, thus : — 

Bra -f SHa = 2HBr -f S. 

This solution always contains some sulphuric acid, owing to a 
secondary reaction of the bromine upon water, in the presence of 
nascent sulphur : — 

3Br2 -f 40Ha -1-8 = 6HBr -f SOaHo,, 

from which the hydrobromic acid is separated by distillation. 

It will be inferred from this that the decomposition of water by 
bromine would be assisted very much by the presence of deoxidizing 
bodies, such as phosphorus, metallic hypophosphites, sulphites, hypo- 
sulphites. 

Hydrobromic acid can likewise be prepared by distilling an 
alkaline bromide with phosphoric acid. 

In order to digtinffuUh a bromide in the presence of a chloride, argentic nitrate 
is added gradually to the solution, acidulated with a little dilute nitric acid. 
AgBr is precipitated first, and by filtering oS, as soon as the precipitate appears 
white— an inmcation that the whole of the bromide has been precipitated, and 
that AgOl begins to fall out — the two acids may be roughly separated. 

It is, howeyer, preferable to employ the reaction described at page 117} viz., 
of distilling a mixture of a dry chloride and bromide with dipotassic dichromate 
and concentrated sulphuric acid, and of obtaining chlorochromic add and bro- 
mine, the former being decomposed by water into OrOaHoj and HCl. The 
bromine Temaining unchanged, can be removed by ether. On adding AmHo 
to the bromine solution a colourless liquid containing ammonio bromide and bro- 
mate is obtained. 

QUESTIONS AND EXERCISES. 

1. Describe a method by which bromine can be obtained from a soluble bro- 

mide. 

2. How would you prepare HBr from a soluble bromide ? 
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3. Explain the action of heat upon solid soluble bromides. 

4. Classify all bromides according to their solubility in water. 

6. Describe the most charactenstic tests for brominCi and for HBr. 

6. Explain the action of chlorine, dilute HCl, concentrated SO3H02, concen- 

trated lI'02Ho3, and of POH03 upon potassic bromide. 

7. How is HBr distinguished from HCl ? 

8. What takes place when bromine, phosphorus, and water are brought 

together ? 

9. Explain the action of SH2, SONao2, and SSONaog upon bromine suspended 

in water. 

10. Qiye the atomic and Tolume weights of bromine and of hydrobromic acid. 

11. 1'56 grm. of argentic bromide are heated in a current of chlorine ; what will 

be the weight of the silver salt left P 



ACID, -< Q-CT . — Obtained in combination with potassium by 

adding bromine to a moderately concentrated solution of potassic hydrate. 
Potassic bromate crystallises out from the slightly yellowish-coloured liquid, and 
is purified from potassic bromide by washing with water and recrystallisation. The 
reaction takes place according to the equation : — 

3Br3 + 6KH0 = 5KBr + { ^^^ + 3OH3. 

The free acid is obtained by decomposing baric bromate with dilute sul- 
phuric acid. 

BBAOTION8 IN THB DBY WAY. 

All bromates are decomposed by heat. Some, e.ff.f the alkaline bromates, 
fuse and eyolve oxygen, leaving a bromide ; others, such as zincic and magnesio 
bromates, leave an oxide and give off oxygen and bromine ; others, again, leave an 
oxide and a bromide, e.^., plumbic and cupric bromates. When mixed with 
readily oxidizable substances, such as carbon, sulphur, etc., bromates deflagrate. 

EBAOTIONfl IN THE WET WAT. 

We employ A solution op potassic bbomatb, i qtt^' 

All bromates are soluble in water. Argentic and mercurous bromates are 
difficultly soluble. 

Dilute sulphuric, nitric, or phosphoric acid liberates bromio acid from its 
salts, which, however, exhibits great instability and breaks up into bromine, 
oxygen, and water. 

Cremates are readily broken up by deoxidizing substances, such as sulphurous 
and phosphorous acids, sulphuretted hydrogen, etc., with formation of sulphuric 
and phosphoric acids, sulphur and water, and liberation of bromine. A mixture 
of potassic bromide and bromate, when acted upon by dilute acids, is decomposed 
into bromine and water, thus : — 

6KBr + 1 2xo + ^^^ *" ^^'2 + 3OH3 + eKCl. 

The weak affinity of bromine for oxygen is, moreover, rendered apparent on 
boiling bromine with such powerful oxidizing agents as nitric acid, potassic chlo- 
rate or manganate, which are without action upon it. 

A bromate in the presence of a chlorate is readily distinguished by precipitation 

Q * , gives off bromine on 

being treated with HCl. The residue which bromates and chlorates leave on 
ignition may also be tested by any of the methods described under hydroohlorio 
and hydrobromic adds. 
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QUESTIONS AND EXERCISES* 

1. State how potassio and baric bromates are prepared. 

2. Describe the changes which metfdlic bromates undergo when submitted to 

heat. 
8. Exphun the action of dilute acids upon potassic bromate. 
4. What is the action of SH,, SOj, or PjOs upon potassio bromate ? 
6. How can a bromate be distinguished in the presence of a bromide P 

6. How can a bromate be distinffuished from a chlorate or nitrate ? 

7. How is free bromic acid obtamed ? 

8. How much potassic bromate should there be obtained from 50 grms. of 

bromine P 



HYDRIODIO AOID, HI.— Occurs in nature in the form of 
soluble iodides (KI, Nal, Mgl2, Cala), in sea water, in the ashes of 
marine plants, in some mineral springs, from which bodies iodine is 
obtained, by processes similar to those employed for the extraction 
of bromine from bromides. 

BBAOTIONS IN THE DEY WAT. 

Most iodides nndergo decomposition when heated by themselves, 
either with or without exclusion of air. Auls and Ptl4 give off 
iodine, and leave the metaltf; others are partially decomposed, 
giving off iodine, and leaving an oxide of the metal. The alkaline 
iodides, however, can be heated to fusion, without undergoing any 
decomposition. Ignition with ammonic chloride converts iodides 
only partially into chlorides. On fusing cuprio oxide in a bead of 
microcosmic salt, and introducing a little potassic iodide into the 
bead and heating in the inner blowpipe flame, the outer flame 
becomes of sl fine emerald green colour, 

EEACTIONS IN TH^ WEI WAY. 

We employ a solution of potassic iodide, KI. 
All metallic iodides may be divided into — 

Ist. Iodides msohible in water, such as Agl, Hg2la, Hgit, 
Pbli, CUjIa (Bils, Aula, Ptl*), and Pdia, and— 

2nd. Iodides soluble in water, comprising all others. The 
iodides of the heavy metals are less soluble than the 
corresponding bromides or chlorides. 

Soluble iodides may be examined in two ways — 

1st. By precipitation or corwersion of the soluble into i/nsoVMe 
iodides. 

NOaAgo gives a yellounsh white precipitate of arsentlo Iodide, 
Agl, insoluble in dilute nitric acid, almost entirely insoluble in 
ammonic hydrate (distinction between HI and HCI, or HBr) ; 
soluble in potassic cyanide. 

NtOiHgaO^' gives a yellowish green precipitate of mercnrona 
Iodide, Hgala, insoluble in dilute nitric acid, soluble in potassic 
iodide. 
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HgClj giving a beautiM vermilUon red precipitate of mercnrle 
Iodide, Hgl2, soluble, however, in excess either of mercuric chloride 
or of potassic iodide. 

( < nri^p^^" gives a &ri^^^ i/eZZot(7 precipitate of plmnblo iodide, 

Fbia, soluble, like the chloride, in hot water, from which it crystal- 
lises out, on cooling, in beautiftd shining yellow scales ; soluble in 
dilute nitric acid. 

S02Cu2o" (cnprons snlpliate), obtained by treating SOaCuo" 
with S0Ho2, produces a dirty white precipitate of cnprons iodide. 
CUalj, which is of interest, because chlorides and bromides cannot he 
precipitated in like manner ^ and because it serves frequently for 
removing iodides from dilute solutions containing chlorides and 
bromides. 

2nd. By liberating iodme, and causing the iodine vapour to act 

upon starch paste. This may be efEected in several 

ways. 
On mixing a dilute solution of potassic iodide with a few drops 
of hydrochloric acid, and then adding a drop or two of a solution of 
potassic nitrite, iodine is instantly liberated, and may be detected 
by the yellowish-brown tint it imparts to the solution, or better still 
by allowing it to act upon a freshly-prepared solution of starch, to 
which it imparts &fine blue colour, owing to the formation of iodide 
of sta/rch. This is one of the most delicate tests. The reaction 
serves equally well for the detection of NOHo (comp. page 116), or 
NO2H0, after reducing to NOHo (see page 114), thus : — 

2KI + 2NOK0 + 4HC1 = 13 + 4KC1 + NjOj + 20Ha. 

A solution containing free iodine may also be shaken up with a 
few drops of carbonic disulphide, which dissolves the iodine, assuming 
a fine violet colour. Ether dissolves iodine, but the colour which is 
produced resembles ether coloured by bromine. 

Nitric acid containing a lower oxide of nitrogen, acts like a 
nitrite. 

Bromine or chlorine (or what amounts to the same, ClNao and 
HCl, or metallic peroxides or perchlorides, e.g., BaOa, PbOa, M11O3 
and HCl, or FeaCU and HCl), liberates iodine from iodides. Ac- 
cording to the quantity of iodide employed, iodine separates either 
as a bluish-black powder, forming a brown liquid, or in the form of 
deep violet frimes, which condense to beautiful fern-leaf shaped 
crystals. 

The methods adopted for the extraction of iodine from metallic 
iodides are all based upon the expulsion of iodine by oxygen (or its 
equivalent of chlorine or bromine). Iodine is obtained by distilling 
an iodide with an oxidizing agent and sulphuric acid, e.g. : — 

2KI -f MnOa -f 2SO,Hoa = I2 -f SOaMno" -f SO,Koa + 

20Ha, or 

6KI -f CraOaKoa + 7S0aH0a = 3I3 + SsO.Cr,o^ -f 4S0aK02 + 

70H2. 
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Concentrated acids, such as S02Ho2, or NOaHo, decompose 
iodides with separation of blnish black scales of iodine and evolu- 
tion of SO2 or lower oxides of nitrogen, thus : — 

2KI -f 2S02Hoa = la -f SOaKoa -f SO3 + 2OH3. 

2KI + 4NO2H0 =13 + 2NO3K0 + N3O4 + 2OH3. 

On fusing an iodide with SO3H0K0, iodine is likewise liberated, 
thus : — 

2KI -f 4SO3H0K0 = 3SO,Ko, + SO, + I2 -f 20H,. 

On examimng for traces of iodine by acting upon an iodide with chlorine or 
bromine, excess of the latter elements must be carefully avoided, as the iodine 
forms with the chlorine or bromine colourless chloride or bromide of iodine, and 
destroys the blue colour of iodide of starch, or the violet colour of the carbonic 
disulphide solution. The blue colour of iodide of starch is also destroyed by 
various reducing agents, such as SO2, SHs, A83O3, SnCl3, and £[93013, or by 
any organic reducing body. Alkalies destroy the colour, dilute acids (even acetic 
acid) restore it again. Qn heating iodide of starch the colour disappears, but 
reappears on cooling. 

The destruction of the blue colour of iodide of starch by various reducing 
agents is due to the decomposition of water by the iodine, with formation of Ht, 
the oxygen being transferred to the reducing agent, thus : — 

SOH02 (a dilute solution) + I3 + OH2 = SOaHoj + 2HL 

SH2 + I3 « 2HI + S. 

ASH03 + I2 + OH2 = 2HI + AsOHog. 

Hydriodic acid is usually prepared by acting upon iodine sus- 
pended in water (or dissolved in hydriodic acid), with a current of 
SH2. Sulphur separates and is removed by filtration, and the 
solution of hydriodic acid concentrated by distillation. Its aqueous 
solution absorbs oxygen from the air, water being formed and 
iodine liberated, which dissolves in the undeoomposed hydriodic 
acid, and imparts a brown colour to the liquid. 

Insoluble iodides have to be fused with alkaline carbonates. 
The aqueous extract is examined for iodine, and the residue for the 
metal. 

QUESTIONS AND EXEECISES. 

1. How would you extract iodine from M^Ia? Give several methods, and 

express the changes by equations. 

2. Explain the action of heat upon solid iodides. 

3. Classify all iodides according to their solubility in water. 

4. Explain liow you would distinguish HCl, HBr, and HI, when oocurriog in 

one and the same substance. 

5. Explain the action- of iodine vapour upon starch. 

6. Why is it preferable to liberate iodine by means of N2O8, instead of by 

bromine or chlorine ? 

7. How would you prepare a solution of hydriodic acid ? 

8. How much iodine can be obtained from 100 lb. of Nal ? 

9. Give graphic formulae for cuprous and mercurous iodides. 

10. Explain how you would cUstinguish free iodine in the presence of an 

iodide. 

11. What action takes place when a dilute solution of SO2 acts upon iodine, and 

how can iodine be made the measure for SO3 and vice versd ? 

12. 10 litres of a mineral water yield *184 grm. of Agl ; how much iodine is 

there in 100,000 parts of the water ? 

K 
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IODIC ACID^ i Q-g- . — Fotassic iodate is obtained, like the corresponding 

chlorate and bromatei by disAolving iodine in potassic hydrate. The iodate crystal'' 
Uses out first, being much less soluble than KI. Tlie free acid can be prepared by 
decomposing baric iodate with sulphuric acid, thus : — 

Jq Bao" + SOjHoj = 2|q2o + SOjBso". 
lOI 

Iodic acid is also obtained by the action of strong boiling nitric acid upon 
iodine, or by passing chlorine through iodine suspended in water. 

BBACTIOMS IN THE DBT WAT. 

All iodates are decomposed upon ignition, some breaking up into an iodide, 
with evolution of oxygen ; others into metallic oxides, iodine and oxygen being 
expelled. When heated with charcoal they explode less violently than chlorates 
or bromates. 

BBACTIONS IN THE WBT WAY. 

We employ A solution of potassic iodate, -j q^' 

Alkaline iodates alone are soluble in water, 

BaClj gives a white precipitate of baric iodate, soluble in nitric add. 

NOjAgo produces a white crystalline precipitate of ar^entio iodate* 
sparingly soluble in nitric acid, readily soluble in ammonio hydrate (distinction 
FBOM HI).' On the addition of a reducing agent, e.g., SOH02, to the clear 
ammoniacEhl solution of argentic iodate, a precipitate of Agl is obtained, 
thus : — 

{ O Ago + 3SOH02 = Agl + 3SO2H02. 

Fotassic iodate is decomposed by SE[2, with formation of potassic iodide and 
sulphuric acid, and precipitation of sulphur; by SOH03, with separation of 
iodine, which (by the decomposition of water) is converted into hydriodic acid. 

A mixture of an iodate and iodide is decomposed by weak acids {e.g., acetic 
acid), with liberationof iodine. Traces of an iodate in potassic iodide can, there- 
fore, be detected by means of the delicate iodide of starch reaction. 

Iodates which give off iodine when they come in contact with various reduc- 
ing agents, e.g., SO2, SSONao2, SnCl2, diiSer, however, in a marked manner from 
chlorates and bromates by remaining unacted upon by concentrated sulphuric 
acid, unless the action be assisted by deoxidizing agents, such as ferrous salts, 
etc. Instead of acquiring a less stable character by the interposition of the atoms 
of oxygen between the iodine and potassium, potassic iodate,* and still more so 
periodate (obtained by passing chlorine through an alkaline solution of potassic 
iodate), is capable of resisting the action of sulphuric acid far more readily than 
potassic iodjae. Periodates are, in fact, not reduced by the ordinary reducing 
agents by which iodic acid is reduced, except by SHj. 

QUESTIONS AND EXERCISES. 

1. How are potassic iodate and periodate obtained ? G^ive equations. 

2. Explain the changes which iodates and periodates undergo upon ignition. 

• J. Thomson (Deut. Chem. Ges. Ber., vii, p. 112) deduces from the dif- 
ferences observed in the solubility of chlorates and bromates, compared with 
that of iodates, also the formation, by preference, of acid salts with the alkali 
bases, and the facility with which iodic anhydride can be prepared directly by 
heating the hydrated acid, that iodic acid must be viewed as a dibasic acid, and 
he assigns to it the formula : — I2O6H2, or I'"I'04(OH)2, and he derives periodic 
acid, H3IO6H2, or H8l04(OH)2, by replacing the triatomic iodine atom by H3. 
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3. Explain the change whioh takes place when potassic iodate is act-ed upon — 

1st, hy reducing agents, e.g., SO3, SH3, FeClj ; 2ndl7, by concentrated 
sulphuric acid. 

4. A precipitate contains Agl and i qA^o' ^^^ ^^^ 7^^ would separate the 

two salts from each other. 

5. Explain the action of HI upon a mixture of KI and i oKa* 



HYDROFLUORIC ACID^ HF. — Occurs in nature in com- 
bination chiefly with calcium in the mineral called ^tww^par {Derby- 
shire spar), CaFa; also as double fluoride of aluminium and 
sodium in cryolite, CNaFyAlaFe. It is, moreover, met with in 
certain naturcd phosphates, e.g., coprolite, wavdlite, and in a few 
silicates, e.g.^ topaz, mica, hornblende. 

EBACTIONS IN THE DRY WAT. 

Heated out of contact with the air, most fluorides remain un« 
cbanged. Volatile fluorides can be distilled ; but when heated in a 
moist atmosphere, or if water be added, they are decomposed into 
oxides (oxyfluorides) and hydrofluoric acid. The changes which 
fluorides undergo in the dry way are of two kinds. 

1st. The fluoride gives off hydrofluoric acid gas which corrodes glass, 
— By heating a fluoride cootaining water in a piece of combustion 
tubing, open at both ends, before the blowpipe, the glass around the 
fluoride is attacked. The experiment may be carried out also by 
mixing a little microcosmic salt with the fluoride, and holding the 
tube in a slightly slanting position. 

By heating a mixture of a fluoride with hydric potassic sulphate 
in a test-tube, HF is disengaged, thus : — 

CaFa -f 2SO2H0K0 = SO^Cao" + SOaKog + 2HF. 

The gas corrodes the upper part of the tube on account of its action 
upon the silica of the glass, with which it forms a gaseous compound, 
silicic fluoride, SIFa, thus : — 

4HF + SiOa = SiF4 + 20Hj. 

2nd. IJhe fluoride is decomposed by hydric potassic sulphate in the 
presence of a borate, with formation of volatile boric fluoride, BF3. — 
By heating a mixture* of powdered hydric potassic sulphate and 
fused borax with the finely powdered fluoride, on the loop of a 
platinum wire, in a clear flame of a Bunsen gas lamip, boric fluoride 
is disengaged, imparting a beautiful yellowish-green colour to the 
flame, which is highly characteristic, although very evanescent. 

REACTIONS IN THE WET WAT. 

We employ A solution op sodic fluoride, NaF. 

• 10 mol. of SO2H0K0 ( = 10 X 136). 
3 mol. of CaFs ( = 3 x 78). 

1 mol. of B405Nao2 202. 

K 2 
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Most metallic fluorides are solid; otliers, (^in, ench as the 
fluorides of the metals whose higher orides possess acid properiies, 
form volatile, faming, highly corrosiTe liquids, or are gaaeona at 
the ordinary temperature. 

Fluoi-idee are either soluble in water and more or less crrstalline, 
Buch as KF, NaF, AmF, Ag¥, SnF,, Pe,F,, HgF,, &l,V,, or 
insoluble or very sparingly soluble in, water, and amorphous when 
obtained by precipitation, e.g., OaF,, BaF^ PbF^ ZnF,, CuF,. 

The reactions which a soluble fluoride gives by double deeom,' 
posUion with aolutioas of salts, whose metals form inaolnblo 
fluorides, are not very characteristic. 

BaClg prodnces a hvlhy white precipitate of kartc fluoride, BaFi, 
soluble in hydrochloric acid and in mnch ammonic chloride. 

CaClg (or CaHo,) gives a gelatinous translucent prenipitate of 
cBlele anoTMe, CaFj, which becomes visible by the addition of 
ammonic hydrate. CaFi is slightly soluble in cold hydrochloric or 
nitric acid, difficultly soluble in boiling hydrochloric acid, lees 
soluble in acetic acid, insoluble ia free hydroflaorio acid, soluble to 
Eome extent in ammonic chloride. 

HOjAgo produces no precipitate. (Distibotion between HF 
AHD HCl.) 

It is preferable to test for HF by the reactions based upon the 
formation of gaaeons BiF, or BFj. 

All flaorides (soluble or insoluble) are decomposed on heating 
with concentrated sulphuric acid, with disengagement of HF, a 
metallic sulphate being left, thus : — 

CaF, + SOjHo, = 2HP + SO,Cao". 

nperiment IB beat performed bj treating the fluoride with eulphuriescid 

„ ...I ,.__._ J ^ water-bath (Fit 17), and connected with a 

leaden atill and U-tutte, sunounded nitli ice, 
for the condensation of the acid. 

Hydrofluoric acid gas is highly 
■_.. £md should not be inhaled. 




w 



Ifit comes in contact with silica (e.g., 
in glass), SIF^ is formed. The glass 
becomes corroded or etched. 

Its action upon glaos may be ahown also 
bj oorering a platinum, crucible, containing 
••■ a little finelj powdered fluoride and concen- 

trated sulphuric acid, with a piece of glaw, 
e.g., a watoli-glase. The lapour of the erolved hydrofluoric acid corrodes the 
glass. The action of the hydrofluoric acid becomes apparent when the glaaa is 
ooTered with a thin lajer of melted wai, and some doisn Boratched on tlie waxed 
aide with a pointed instrument. The pa sots upon the unprotected portion of 
the Elass. To proTent the meltins of the wax, a little cold water is kept on the 
watch-Klaas. The design will be ^und etched more or leas deeplj into the glMS, 
after the removal of the wax. Here traces of a fluoride are thus detected, and as 
no other substance attacks glass similarlj, the reaction is perfectl; characleristio 
for hjdrofluorio acid. 

If the fluoride contain much silica, sulphuric acid disengages 
silicic flnoride instead of hydrofluoric acid, which does not att^:^ 
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glass ; but when passed into water — ^best by letting the delivery- 
tube dip into a little mercary — ^it is decomposed into hydroflno- 
silicic acid and into SiHo4, thns : — 

8SiF4 -f 4OH3 = SiHo4 -f 2(2HF,SiF4). 

This reaction is employed for detecting fluorine in silicates, or if 
applied to flaorides which are free from silica, some finely powdered 
quartz or glass is first mixed with the fluoride, before treating with 
sulphuric acid, and passing the silicic fluoride into water. 

The experiment may be performed in a glass flask or small stone ware bottle, 
provided with a wide deliyery-tube, which dips under mercury contained in a 
smaU porcelain cup at the bottom of a beaker or glass cylinder. Care shonld be 
taken that the inside of the deliyery-tube remains perfectly dry, when the re- 
oeiying yessel is fiJled with water. A mixture of one part by weight of finely 
powdered fluorspar, and one by weight of fine sand is introduced into the glass 
or stone ware yessel. Seyen to eight parts by weight of oil of yitriol are added, 
and the whole shaken up together and gently heated upon a sand- (or water-) 
bath. Each bubble of^ the eyolyed SIF4, on passing through the water, is 
decomposed, with separation of gelatinous silica, which after a time fills the 
whole glass vessel in the form of a dense jelly. The silica is separated by strain- 
ing through a cloth from the hydrofluosilicic add, which may be returned to the 
glass cylinder, and a fresh quantity of SiF4 passed through, till the acid solution 
has become sufficiently concentrated. 

Silicates containing fluorides wliich are not decomposed by sulphuric acid, are 
fused with four parts of fusion mixture. The fused mass is extracted with vniter 
and filtered. The filtrate contains the fluorine in the form of alkaline fluorides 
together with alkaline silicates. On slightly acidulating with dilute hydrochloric 
acid to decompose the excess of alkaline carbonates, and then digesting with 
ammonic hydrate, SiHo4 is precipitated, which can be filtered off*, leaving the 
alkaline fluoride. On adding GaUos or GaClf, and digesting at a gentle heat, a 
gelatinous precipitate of GaF2 is obtained, which is filtered ofi, dried, and 
examined. If phosphoric acid be present, the precipitate contains "P^Ofiao^ 
as well as GaFj, which does not, however, inteif ere with the disengagement of 
hydrofluoric acid gas. 

Insoluble fluorides, e.ff,, OaFj, are not completely decomposed by fusion with 
alkaline carbonates, unless SlOj be present. 

QUESTIONS AND EXERCISES. 

1. Which are the most important natural compounds of fluorine P 

2. What changes do solid fluorides undergo when heated by themselves ; 2ndly, 

when mixed with microcosmic salt or hydric potassio sulphate ? 

3. How is BFs formed, and why does it furnish us with a characteristic refto* 

tion for fluorine or vice versd for boron ? 

4. Classify fluorides according to their solubility in water. 

6. Describe some charact'Oristic reactions for fluorine in the wet way. 

6. How would you distinguish gaseous HCl from HF ? 

7. How is hydrofluoric acid gas prepared ? Explain its action upon glass. 

8. How would you test for small quantities of a fluoride ? ^ - 

9. Explain the action of concentrated sulphuric acid upon a fluoride containing 

much SiOa. 

10. How is fluorine detected in sflicatee decomposable by SO3H03, containing 

traces of a fluoride ? 

11. How can fluorine be detected in a mineral containing a silicate which is 

not decomposed by sulphuric acid, some phosphi^,' and traces of a 
fluoride ? 

12. How would you prepare KF, AmF, and liquid HF P 
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HTDROFIiVOSIIilCIG A€ID, 2HF,SiF4.— Obtained by passing silicic 
fluoride into water and separating the precipitated silica by filtration. 

It forms salts, called silicofluorideSf or fluosilicates, on acting upon metallic 
ozidefl, hydrates, or metals, such as Fe or Zn (these latter with eyolution 
of hydrogen), of which the potassic and baric silicofluorides are the most 
interesting. 

BBACTIONS US THE DBT WAT. 

Silicofluorides are decomposed by heat into fluorides, with disengagement of 
silicic fluoride. 

BBAOTIONS IN THE WET WAY. 

A CONCBNTBATED SOLUTION OE THE AOID may be employed. 

On eyaporating a solution of hydrofluosilicic acid in a platinum vessel, it 
volatilizes, and is decomposed into SiF4 and 2HJ^. The acid ought not, there- 
fore, to be heated in a gLetss vessel. 

A few silicofluorides, e.g., 2KF,SiF4, 2NaF,SiF4, BaF2,SiF4, are difficultly 
toluhle in water, and are rendered quite insoluble hy the addition of alcohol. 
Most other metallic silicofluorides are readily soluble in water. 

BaClj precipitates translucent crystalline baric sllicofluorlilc, BaF2,SlF4, 
which falls out very readily. The precipitation is complete on the addition of 
an equal volume of alcohol. Strontium is not precipitated from concentrated 
solutions, (Distinction between babiitm and stbontiuu.) 

KCl gives a translucent gelatinous precipitate of dipotaBsic ■lllcofluorliley 
2EF,SiF4. 

AmHo separates SiHo4 and forms AmF. 

On heating a metallic silicofluoride with concentrated sulphuric acid in a 
platinum crucible, covered with a wateh-glass, the glass becomes corroded or 
etohed. 

QUESTIONS AND EXERCISES. 

1. How is 2HP,SiF4 prepared? 

2. State how 2HF,SiF4 acts upon KHo, OH2, Fe, CuO. 

3. What decomposition takes place when silicofluorides are heated — 1st, by 

themselves ; 2ndly, with concentrated SO2H03 ? 

4. How is BaFs, SiF4 obteined ? 

5. What proportions by weight of GaFj, Si02, and SOaHo2, are required for 

the preparation of 2HF,S1F4 ? 



PHOSPHORIC ACID^ POHoe.— This acid is never met with 
in the free state in natni'e, but invariably in combination with 
bases, such as CaO, MgO, AIzOs, FeO, FCjOs, PbO, as lone- 
ash, somhrerite, coproUtey apatite, wagnerite, wavelUte, viviamte, 
pyromorphite, etc. 

EEACTIONS IN THE DEY WAT. 

Normal phosphates of fixed bases are not decomposed npon 
ignition. Mono- and di-hydric normal phosphates lose water, and 
are converted into pyro- and metaphosphates, thus : — 

(1) 2POHoNaoa = PjOsNao* -f OH2. 

Sodic 
pyrophosphate. 

(2) POHojNao = PO^Nao + OH,. 

Sodic 
metaphosphate. 
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Fiision with caustic or carbonated alkalies converts pjro- and 
metaphosphates into normal or orthophosphates. Boiling with con- 
centrated acids (NOaHo) affects this conversion likewise. 

Alkaline earthy phosphates are only partially decomposed by 
fasion with alkaline carbonates ; most others, e.g,, magnesic, ferric, 
zincic, nickelons, manganoas, cnpric phosphates are completely de- 
composed. The solution contains trisodic and tripotassic phosphates. 
Pa02Al20^ can only be decomposed by fusion with silicic anhydride 
or Bodic silicate (water-glass) and fusion mixture,* being converted 
into sodic aluminic silicate and trisodic phosphate. (Comp. p. 46.) 

BEACTIONS IN THE WET WAT. 

We employ a solution of hydric disodic phosphate, POHoNao2. 
All phosphates may be divided into — 

1st. PJioaphates which are Boluhle in waievj comprising the 

alkaline phosphates onlj ; their solutions react alkaline ; 

and 
2nd. Phosphates which a/re insoluble in water, hut soluble m 

mineral acids (some also in acetic acid), comprising all 

other metallic phosphates. 

The following are some of the more important reactions by 
double decomposition : — 

BaCls yields a white precipitate of hydric baric ptaospliate, 
POHoBao' , difficultly soluble in ammonic chloride, soluble in nitric 
or hydrochloric acid. 

daClj, or SOzCao" produces a white precipitate of hydric calcic 
(or tricalcic) pliospliate, POHoCao", readily soluble in mineral acids,t 
soluble in acetic acid, after being freshly precipitated, difficultly 
soluble in ammonic chloride. 

SOaMgo" (or better still MgCla) in the presence of AmCl and 
AmHo produces a white crystaUi/ne, quickly subsiding precipitate of 
ammonic masncsic ptaospliatc, PO^inoMgo^' + 6 aq., insoluble in 
ammonic hydrate, readily soluble in acids, even acetic acid. A 
highly dilute solution of sodic phosphate is only precipitated after 
some time. The precipitation is promoted by stirring and allowing 
the liquid to stand in a warm place, when the precipitate is seen to 
adhere, in the form of white streaks, to those parts of the glass 
vessel which have been touched by the glass rod. Arsenic acid 
gives an analogous pi'ecipitate. 

This is the most important reaction for POHos; it is almost 
invariably resorted to, both for the recognition of magnesia and 
phosphoric acid. 

M OsAgo gives a light yellow precipitate of triarsentlc pliospliate, 
POAgOs, soluble in ammonic hydrate and in nitric acid. 

* One part of SiOj, together with six parts of f usioii mixture. 

t P20sCao"8 + 4NOaHo - Ps02Ho4Cao" + 2 ^Q^Cao". 

Soluble tetrahjdric 
calcic diphosphate, reprecipitated by AmHo. 
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I < Q^^ VPbo", plumbic acetate, prodnces a white precipitate of 

plumbic phosphate, P202Pbo"3, readily soluble in nitric acid, almost 
insoluble in acetic a<;id, as well as ammonic hydrate. If the pre- 
cipitate is fused before the blowpipe on charcoal, the bead appears 
crystalline on cooling ; no reduction to the metallic state takes place. 

FOjCle gives a yellowish-white gelatinous precipitate of ferric 
phosphate, PaOzFejO^, soluble in hydrochloric acid. The ferric salt 
should be added drop by drop, sufficient to just impart a red tinge 
to the supematent solution, since the precipitate is somewhat soluble 
in excess of ferric chloride. Sodic acetate must be added to remove 
the two molecules of free hydrochloric acid resulting from the 
reaction, which would otherwise dissolve some of the precipitate. 

When phosphoric acid has to be remoyed from a phosphate dissolved in 
hydrochloric acid, e.g., from the alkaline earthy phosphate, P^OsCao'^a, the free 
acid is nearly neutralized with ammonic hjdrate or ammonic carbonate, and 
then sodic acetate added, which, by double decomposition with the free hydro- 
chloric acid, forms sodic chloride and free acetic acid, in which the precipitate, 
produced by a slight excess of ferric chloride, is absolutely insoluble. The mix- 
ture is heated to boiling, a reddish-brown precipitate is obtained, which contains 
the whole of the phosphoric acid, together with some basic ferric acetate. It must 
be filtered hot, and washed with hot water ; the filtrate contains the alkaline 
earthy bases as chlorides. — (Comp. also p. 36 and 37.) 

Small quantities of phosphoric acid, in the presence of large amounts of a 
ferric salt, such as we meet with in solutions of iron ores, of pig iron, steel, 
etc., are best removed by first reducing the ferric to ferrous salt by boiling 
with SOHoAmo, neutralizing with CONaoz, and lastly with sodic acetate and 
precipitation with a few drops of ferric chloride (or by reoxidizing a small portion 
of the ferrous salt by the addition of a little chlorine water, or a drop or two of 
bromine). The whole of the phosphoric acid is usually precipitated in this 
manner. Loss arising from the solvent action of ferric acetate is avoided, as 
ferrous acetate does not dissolve ferric phosphate. 

This method is employed with advantage in the examination of iron ores, etc. 
The precipitate is filtered hot, redissolved in dilute HCl, and the phosphoric 
acid precipitated in the presence of citric or tartaric acid, AmCl and AmHo, by 
means of magnesic sulphate. 

AsOHos exhibits with ferric chloride a similar reaction, and has, 
therefore, to be separated from an acid solution, by boiling with 
SOHoA.mo and precipitation by a current of SH^ gas. 

Small traces of phosphorus (phosphoric acid), usually found in soils, 
iron ores, in pig iron, steel, sKeet copper, etc., may also be precipitated 
after dissolving the ore or metal in hydrochloric and nitric acids, 
whereby the phosphorus is converted into POH03, and after driving 
off the excess of acids by evaporation and taking up of the residue 
with concoDtrated nitric acid, by adding a solution of amnionic 
molybdate and concentrated nitric acid ; the silicic acid is separated 
by the evaporation to dryness, and arsenic acid, if present, should be 
first removed by sulphuretted hydrogen. On digesting the solution 
at a gentle heat (60° 0.) for some time (hours if necessary), and 
stirring with a glass rod, a bright yellow precipitate of ammonle 
plioBplio-ii|olybilate is obtained. 

The constitution of this precipitate is not well understood ; we 
know merely that it contains molybdic acid, ammonia, and phos- 
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pboiic acid* (abont 3 per cent.). By washing the yellow precipitate 
with a solution of amnionic molybdate, and lastly with a solution of 
amnionic nitrate, and then dissolving it in ammonic hydrate, filter- 
ing, and adding SOjMgo", AmOl, and AmHo, the phosphoric acid is 
obtained as POAmoMgo". 

White of egg (albumen) is not coagulated by tribasio phosphoric acid, nor by 
a solution of an orthophosphate acidulated with acetic acid. 



PTROFHOSPHORIC ACID, F3O8H04. — Pyrophosphates are obtained 
by heating monohydric phosphates. They are of little importance, hovireyer, since 
they are not usually met with in natural compounds, and as they are speedily 
converted, by the action of acids or alkalies, into tribasic phosphates. 

BBACTIONS IN THE WET WAY. 

We employ A solxjtioi^ op sodio pteophosphatb, F208^ao4. 

Alkaline pyrophosphates are soluble in water. 

All others are insoluble in water, hat soluble in dilute acids. 

The presence of a soluble pyrophosphate is indicated on adding KO^Ago, 
which gives a white precipitate of argentic pyropliosptaate, F308Ag04, 
soluble in nitric acid and ammonic hydrate. 

Albumen is not coagulated by the free acid, nor by an acetic solution of a 
pyrophosphate. . 

MOjAmos (ammonic molybdate) does not give a precipitate, until by the 
action of mineral acids the pyrophosphate has been converted into tribasic phos- 
phate. 



METAFHOSFHORIC ACID, FOjHo, is distinguished from the tetra- 
and tribasic acid as follows : — 

Albumen gives an abundant white precipitate with the free acid, and with 
soluble metaphosphates, on the addition of acetic acid. 

SO^Mgo , AmCl and AmHo fail to precipitate soluble metaphosphates. 

NOaAgo produces a white precipitate of argentic nietaphosphate. 

In the ordinary course of analysis both pyro- and metaphosphates are con- 
verted into tribasic phosphates, and their tetrabasic and monobasic nature is 
lost sight of. They can, therefore^ only be detected by special experiments. 



PHOSPHOROUS ACID, FHos (tribasic). — Phosphorous anhydride 10 
obtained by the slow oxidation of phosphorus on exposure to dry air at the ordi- 
nary temperature. By combining with water it forms a very weak acid, and 
with hydrated alkaUes alkaline phosphites. 

BBAOTIONS Hr THE DBT WAT. 

Heated by themselves on platinum foil, phosphites are decomposed, burning 
with a bright flame. Heated in a retort they evolve hydrogen, mixed towards 
the end of the decomposition with PH3, and are converted into phosphates. 

BEAOTIONS IN THE WET WAY. 

A SOLUTION OP SODIO PHOSPHITE, PHoNaoa, may be employed. 
Alkaline phosphites are soluble in water. 

All other phosphites are, for the most part, difficultly soluble or insoluble in 
water, but soluble in acetic acid (plumbic phosphite excepted). Phosphites (as 



• M02O3, 90-7 P.O. ; PA, 31 P.O. ; OAmj, 36 P.O., and OHj, 2 6 P.O. 
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well as liypophospliites) are of interest mainly on account of the powerful 
reducing action which thej exert upon salts of various metallic oxides, capable of 
forming lower oxides, or of beixig reduced to the metallic state, as well as upon 
the lower oxides, etc., of metalloids, e.g.^ SO3. 

NOjAgo is reduced thereby to metallic silyer, especially in the presence of 
ammonia and on the application of a gentle heat. 

HsrCls and "S^^g^"^ are reduced to H8r2Cl3 and metallic mercury. 

SO2 forms a phosphate with liberation of sulphur and eyolution of SB's. 

Nascent hydrogen yields a mixture oi Hj and PHs which fumes in the air and 
bums with an emerald-green colour. When passed into a solution of argentic 
nitrate, the gaseous mixture precipitates PAgs and metallic silver. 

The difficultly soluble phosphites of Ba, Ca, Pb, etc., are obtained by double 
decomposition, the latter salt being insoluble in acetic acid. 



HTP«PH08PHOROU8 ACID, POH:2Ho (monobasic).— Obtained by 
the action of alkalies or hydrates of the alkaline earthy bases upon phosphorus 
and water. 

P4 + 80Hj + 8KH0 = ?POHjKo + PHs. 

BBACTIONS IN THE DBY WAY. 

Hypophosphites are decomposed upon ignition into pyrophosphates and 
PH 

4POH2K0 = P2O3K04 + 2PH3 + OHa. 

BBACTIONS IN THE WET WAY. 

A SOLUTION OP FOTASSio HYPOPHOSPHiTB may be employed. 
All hypophosphites are soluble in water. They constitute even more powerful 
reducing agents than the phosphites. 

Nitric acid or chlorine water changes them into phosphates. 
SOjHos is reduced to SOH03, partly even to sulphur. 
SO3CU0'' is reduced to metallic copper (cupric hydride). 
HgrCls is reduced to HgrsCls, and then to mercury. 
AuCls and KO^Ago yield the pure metals. 
Zn + 8O3H0S (nascent hydrogen) yield Hj and PH3. 

In the ordinary coarse of analysis, both phosphorous and hypo- 
phosphorons adds are converted into phosphoric acid, and they 
must therefore be identified hj the special reactions jast described. 

QUESTIONS AND EXERCISES. 

1. How does phosphoric acid occur in nature ? 

2. Explain me action of heat upon POHosNao, POAmoMgo'', and 

POHoAmoNao. 

3. How are meta- and pyrophosphates converted into tribasio phosphates ? 

4. Explain the action of potassic hydrate or carbonate upon PsOaFcso^, 

PsOsCao'^s* PaOsCuo"8> POHoBao", in the wet and diy way. 

5. How can PsOjAlsO^ be decomposed ? 

6. Classify all phosphates, pyrophosphates, phosphites, and hypophosphites 

according to their solubility in water. 

7. Explain the solvent action of HCl or KOsHo upon the alkaline earthy 

phosphates. 

8. How is phosphoric add removed from alkaline earthy phosphates ? 

9. State how you would detect phosphoric acid in a soil or iron ore; or 

phosphorus in metallic copper or cast iron. 

10. What is the approximate composition of ammonio phospho-molybdate ? 

11. Which reactions enable us to distinguish between tribasiCj tetrabasic, and 

monobasic phosphates P 
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12. How would you prove the presence of magnesic, as well as of potassic phos- 

phates in wheat flour, pale ale, and in cheese ? 

13. How would you prepare POH3H0 and (POHj) jCao'' P 

14. How are caldc phosphite and potassic hypophosphite acted upon b^ heat P 

15. What are the products of oxidation, obtained on burnine FHs in air P 

16. Explain the deoxidizing action of phosphites and hjpophosphites. 

17. How can potassic hjpophoephite be detected in the presence of potassio. 

phosphite and phosphate P 

18. How would jou prepare gaseous FHg P What is its action upon solutions 

of cupric sulphate and argentic nitrate P 

19. Give symbolic and graphic formulffi for gaseous phosphoretted hydrogen, 

calcic hypophosphite, cuprio phosphide. 

20. Express by a symbolic equation the change which POH^Ho undergoes when 

it is acted upon by BO2H03, by BO2CU0'', or by AuCls. 

21. How would you convert bone«ash into a soluble calcic phosphate (into 

F30sHo4Cao" — a constituent of calcic superphosphate) P 

22. 6*4 grms. of cast iron yielded '046 of PsOgMgo'^s j what is the pevoentage of 

phosphorus in the iron P 



SILICIC ACID, SiHo4. — Silicic anliydride or silica, 8103, 
occurs in nature both in a crystalline and amwrphous condition, 
either in the free or combined state. Quartz and rock crystal are 
composed of almost pnre crystalline silica. Opal, hyalite, and some 
other minerals consist of amorphous silica, and are probably derived 
from silicic hydrate by a process of slow dehydration. Other 
silicious bodies, such as chalcedony, agate, flint, are principally com- 
posed of amorphous silica, or of a mixture of the two. 

The compounds of silica with bases, especially with OK2, ONa^ 
CaO, MgO, AlsOs, PeO, MnO, are exceedingly numerous, and vary 
to a very great extent in their constitution and properties. 

REACTIONS IN THE DET WAT. 

Both varieties of silica are characterised by their infusibility 
when heated by themselves before the blowpipe, or in a bead of 
microcosmic salt. Pure silica fuses with sodic carbonate to a clear 
glass, which remains transparent on cooling. If a silicate be heated 
in like manner with microcosmic salt, its base or bases are dis- 
solved, while the silica is seen to float about in the liquid bead as a 
silica skeleton. Silicates containing coloured oxides give rise to 
opalescent beads, in which the SiOa can be distinguished only with 
difficulty. 

When silica, or a silicate rich in silica, is heated before the blow- 
pipe with sodic carbonate, the Si02 displaces the CO2, and forms a 
clear glass of sodic silicate. The alkaline carbonate should not be 
employed in excess. Calcic and magnesic silicates do not dissolve 
to a clear bead as a rule. 

Beyond identifying silica and obtaining a general knowledge of 
the nature of any silicate under examination, respecting its fosi- 
bility, state of hydration, etc., the blowpipe reactions foil to supply 
distinguishing tests regarding the chemical composition of these 
bodies, since a very large number of silicates differ from each others 
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merely in the relative proportions of their component metallic 
elements. 

EEACTIONS IK THE WET WAT. 

All silicates may be divided into — 

1. Silicates, which are soluble in water, including only potassic 
and sodic silicate ; and 

2. SilicaieSf insoluble in water, inclnding all others. 

These latter silicates are either soluble in concentrated hydro- 
chloric or sulphuric acid, or partly soluble and partly insoluble, or 
lastly, insoluble in these acids. 

All insoluble silicates are attacked by hydrofluoric acid, with 
disengagement of silicic fluoride, or by fusion mixture (or caustic 
baryta) at a high temperature. 

By treating an aqueous solution of sodic silicate, SiNaOi, with 
dilute hydrochloric acid, it is decomposed into NaCl and SiHo4. 
The latter remains either dissolved in the acid, or is partially sepa- 
rated as a flaky or gelatinous mass. On evaporating in a porcelain 
dish over a water-bath, the gelatinous mass becomes firmer, and can 
be broken up, by means of a glass rod, into lumps, which speedily 
lose their water, leaving anhydrous silica, especially on being ignited 
on a sand-bath, as long as acid fumes are evolved. The dned mass 
is treated with a Httle concentrated hydrochloric acid and hot water, 
when NaCl is dissolved out (together with small quantities of Al 
and Fe — impurities in the sodic silicate). The impalpable powder 
of amorphous silica is thrown on a filter and washed with hot water, 
dried and ignited. 

AmCl or GOAmo2 precipitates SiHoi from a solution of sodic 
silicate. Salts of most of the heavy metals, as well as of the alka- 
line earthy metals, form by double decomposition with a soluble 
silicate, white or yellowish-white silicates, soluble in dilute hydro- 
chloric or nitric acid, which, however, possess no characteristic 
properties. It is, therefore, necessary to remove the silica in order 
to detect bases, by evaporating to dryness with hydrochloric acid. 
On digesting the dry mass with a little hydrochloric acid, the 
metallic oxides are dissolved, and can be separated by filtration from 
the silicic anhydride. 8102, like "PzO^, is detected whilst testing for 
ha>ses. 

Most natural and a/rtifidal silicates are insoluble in water. Many, 
e.g., zeolites, as well as certain artificial silicates, such as slags from 
blast furnaces, etc., are decomposed on digesting the finely powdered 
silicate with concentrated hydrochloric acid. The gelatinous mass 
is evaporated to dryness on a water-bath, when amorphous silica 
separates. 

Silicates, such as kaolin, which are not dissolved by hydrochloric 
acid, can frequently be decomposed, either partly or wholly, by hot 
concentrated sulphuric add; many natural silicates yield more or 
less silica, on treatment with hydrochloric acid, which sihca may be 
taken to represent the soluble silica or the decomposable silicates, 
leaving the greater portion of the mineral behind in an insoluble 
condition. 
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Silica, or silicates insoluble in acidsy are readily attached by 
gaseous hydroflitorie add, or hj fluorspar and S02Ho2, gaseotis SlFi 
heing given off. This method is invariably resorted to whenever 
alkalies are present in a silicate, as e.g., in felspar, SisOgKosAlaO^. 
A little of the finely powdered silicate is moistened with strong 
ammonia, put into a platinum cmcible or small platinum capsule, 
and exposed to the action of gaseous HF. This gas should be gene- 
rated in a leaden or platinum vessel. The platinum crucible is to 
this end placed in a small leaden basin, which can be closed with 
a lid of the same metal. A layer of fluorspar is put at the bottom 
of this vessel, mixed and covered with concentrated sulphuric acid. 
The platinum crucible rests on a leaden tripod. The leaden vessel 
after being covered and luted with moist linseed meal, is placed for 
a day or two in a warm place. The cmcible is then taken out, and 
its contents cautiously evaporated by applying a gentle heat, as 
shown in Fig. 18, from the upper part of 
the crucible downward, till the whole of 
the ammonic fluoride has been driven ofl; 
The dry residue is dissolved in hydro- 
chloric acid, and tested for bases. A 
small residue is usually left, which is 
filtered ofi* and treated once more in the 
same manner. 

The same result may be obtained more 
expeditiously by treating the mineral in 
a platinum crucible with liquid hydro^ 
fluoric add, and evaporating cautiously 
in a closet which stands in connection 
with the chimney, and which has a good 
in-draught of air. The residue is dis- 
solved in hydrochloric acid. Any inso- 
luble residue which may be left is sepa- 
rated by filtration and treated again 

with hydrofluoric acid. This treatment has generally to be repeated 
several times, before the whole of the bases are obtained in a soluble 
condition. 

Treatment with GaFj and concentrated SOsHo^ is objectionable, on account 
of the formation of insoluble SOHosCao^'. 

All silicates insoluble in water and a,dds, no matter whether they 
contain alkali metals or not, may be decomposed by fusion vrith alka^ 
line carbonates (fusion mixture). They are first ground up very 
finely in an agate mortar, then intimately mixed with three to four 
times their weight of fusion mixture and heated in a platinum 
crucible as long as any C02 is given ofil This may be done over a 
good Bunsen gas lamp or by means of a Herapath gas blowpipe. 
(A platinum crucible can be employed with safety only when the 
absence of easily reducible and fusible metals has been established 
by a preliminary examination of the silicious substance in the dry 
way.) The silica is thus obtained in combination with the alkalies 
and dissolves in hot water, and the bases (CaO, MgO, AI2O8, 
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FOgOs, etc., etc.) are le^ as insolnble oxides or carbonates, and 
may be separated by filtration ; or tbe whole mass is at once treated 
with dilute hydrochloric acid and evaporated to dryness. Silicic 
anhydride is left, and the bases are removed as chlorides by filtra- 
tion. It is obvious that we mnst examine for the alkali bases in a 
separate portion, by treatment with hydrofluoric acid. 

Pure amorphous silica dissolves completely, when boiled in a 
platinum vessel with an aqueous solution of fixed caustic or car- 
bonated alkalies. 

SiO] Ib separated fiom TiOa (titanic anhydride) by fusion with SO2H0K0 
in a platinum crucible, and subsequent treatment with water ; the Si02 remains 
undissolved. The TiO^ is precipitated from the acidulated aqueous solution by 
long-continued boUing. 

QUESTIONS AND EXEECISES. 

1. Give instances of crystalline and amorphous silica. 

2. Describe the reactions for SiOj in the dry waj. 

3. Classify silicates according to tiieir solubility in water and adds. 

4. Explam the action of HF, or of CaFj and concentrated BO3H03, upon 

silicates. 
6. Describe how amorphous silica is obtained from SiNao4, from quartz, or from 
felspar. 

6. How would you ascertain the presence of potassium or sodium in a silicate, 

soluble in HCl, and in a silicate, insoluble in HCl, e.ff., in Bohemian 
glass? 

7. What is the action of caustic and carbonated alkalies upon amorphous 

silica ? 

8. How is Ti02 separated from Si02 ? 

9. How is silicon detected in pig-iron ? 



BORIC ACID^ BH03 (Orthoboric acid). — Is found in nature, 
both combined and in the free state. 

BEACTIONS IN THE DRY WAY. 

Most borates swell up when heated by themselves, and fuse into a 
transparent glass which dissolves metallic oxides, producing various 
colours. The free acid forms scaly crystals, possessing a pearly 
lustre and feeling peculiarly greasy to the touch. 

When heated to 100° C. the crystals lose water and become con- 
verted into metaboric acid, BOHo. This acid fuses to a colourless, 
transparent, glassy-looking mass, — boric anhydride^ B2O3, which can 
be kept in a liquid condition without loss from volatilisation. 

A mixture of SOaHoKo and a borate, heated on a platinum wire 
in a blowpipe flame, imparts a green colour to the flame, owing to 
the liberation of boric acid. 

To detect traces of boric acid before the blowpipe, the borate is 
powdered and mixed with SO2H0K0 and CaFa.* (Comp. page 131). 
The mixture is made into a stifE paste with a few drops of water, 

• Three to four parts of the flux (consisting of one part of powdered CaF, 
and four and a half to five parts of SO^HoKo). 
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and cautiously introduced, on the loop of a platinum wire, into tlie 
inner blowpipe flame, when the outer flame acquires momentarily a 
yellowish^green tvnt, owing to the volatilisation of boric fluoride, BFs. 
Phosphates as well as copper salts, when moistened with sulphuric 
acid and heated in the outer flame, give likewise a green tint to the 
flame. 

BEACTIONS IN THE WET WAT. 

We employ A solution of borax, BiO^Naoa. 

The alkaline borates are soluble in water, all others are difficultly 
soluble, but none are absolutely insoluble. All borates dissolve in acids 
and a/mmonic chloride. 

The precipitates produced by double decomposition of a soluble 
alkaline borate with salts of the alkaline earths, or with plumbic, 
argentic, mercurous, or ferrous salts, etc., are white or yellowish 
white, and are readily soluble in acids and ammonic chloride. 

The free acid dissolves in water and alcohol, and its solutions 
impart to a Bunsen gas flame B,fine gre&n, colour. An alcoholic solu- 
tion placed in a porcelain dish bums, when ignited, with the same 
charactei'istic flame, and the colour becomes all the more perceptible 
when the burning alcohol is stirred with a glass rod. It does not 
show in the presence of alkaline hydrates or carbonates, or of any 
other base. The reaction is equally vitiated by the presence of sodic 
or calcic chloride, or even by the presence of small quantities of an 
alkaline tartrate, free tartaric or phosphoric acid ; but the green 
becomes again perceptible on the addition of a little concentrcuted 
sulphuric a^cid* 

A green flame (of a somewhat greenish-bliie tint, howerer) is obtained also 
1)7 heating many metallio chlorides with alcohol and concentrated sulphuric acid 

(owing to the formation of ethjlio chloride, < nn-'oi)' ^^ ^^ passing hydro- 
chloric acid gas into the flame of burning alcohol. 

Boric acid, when combined with bases, requires flrst to be 
liberated, by the addition of a little concentrated sulphuric acid, 
before its alcoholic solution can produce the green flame. 

If a borate cannot be decomposed by sulphuric acid, it is fused 
with potassic hydrate, and the fused mass taken up with alcohol. 
On the addition of concentrated sulphuric acid, the burning alcohol 
shows the characteristic green flame. 

An aqueous solution of boric acid cannot be evaporated without 
loss of acid from volatilisation. 

An alcoholic solution of boric acid colours turmeric paper reddish 
brown, especially on drying the strips of paper in a warm place (a 
water-oven). This colour becomes more intense in the preseu'^o of 
hydrochloric or sulphuric acid (even in the presence of nitric or 
tartaric acid). The colour produced by heating turmeric paper 
with hydrochloric acid is blackish brown, and must not be con- 
founded with the colour produced by boric acid. The dried paper 
acquires a blackish tint when dipped into alkalies. 
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Hydrofluoric acid (or SO3H03 and GaFs), decomposes all borates, with for- 
maticn of Tolatile boric fluoride, thus : — 

B405Nao2 + eOaFj + 7SO2H03 ^esOHoaCao* + SOaNaoj + 4BF3 + OHa. 

and if the gaseous boric fluoride be passed into water, it forms a peculiar acid — 
hifdrojluohorio acid — the constitution of which is not well understood, thus : — 

4BF3 + 3OH2 = 3(BF3,HF) + BH03. 

Hjdrofluoboric 
acid. 

This add combines with bases, forming borqfluorides or Jluoborates, thus : — 

BFsjHF + KHo = BFs,KF + OHj, 

QUESTIONS AND EXERCISES. 

1. How is metaboric acid obtuned ? 

2. Explain the reactions in the dry way for boric acid or borates. 

3. Classify borates according to their solubility in water. 
, 4. Explain the colour test for boric acid. 

5. How are borates, insoluble in water, examined ? 

6. Explain the action of HF upon boric acid. 

7. State bow you would prepare argentic borate, plumbic borate, hydrofluoborio 

acid, and potassic fluoborate. 

8. Explain the action of boric acid upon turmeric paper. 



HYDROCYANIC ACID (Prussic acid), HCy.— This acid* 
consibts of hydrogen and the compound radical cyanogen, Cy, mole- 

{'C'N'" 
'C"N"" ^^ ^orms with metallic oxides salts, called cyanides, 

analogous in their chemical constitution to chlorides, bromides, etc. 
Cyanogen canuot be obtained by the direct combination of carbon 
and nitrogen, but an alkaline cyanide results from the action of 
caustic or carbonated alkalies upon nitrogenous organic bodies, such 
as fibrin, albamen, and gelatin at a high temperature. The best 
known cyanide, viz., potassic cyanide, KCy, unless specially purified, 
contains more or less potassic cyanate, CyKo, and potassic car- 
bonate. 

REACTIONS IN THE DRY WAY. 

KCy and NaCy are not decomposed upon ignition in close 
vessels, as may be inferred from their mode of manufacture ; but 
when heated with free access of air, they are converted into cyanates. 
The same change takes place, only more speedily, when potassic 
cyanide is heated with less energetic oxidizing agents, such as 
Mn02, PbO, CuO, SnOg, etc., when the metal, or a lower oxide is 
left. Heated in the presence of metallic sulphides, it is converted 
into potassic sulphocyanate, CyKs. Potassic cyanide is on this 
account a most valuable deoxidizing (desulphurizing) agent, and is 

* The compounds which the radicals cyanogen, ferro- and ferricyanogen, eto.> 
are capable of forming will be treated somewhat more fully, since a thorough 
understanding of the various reactions is necessary, in order to successfully 
analyse cyanogen compounds. 
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employed in blowpipe reactions, whenever a metallic oxide (or snl- 
phide) has to be reduced to the metallic state. Cyanides of the 
heavy metals nndergo decomposition npon ignition ; some (e-^., the 
cyanides of the noble metals) break np into metal and cyanogen 
gas ; others into a metallic carbide and nitrogen {e.g., the cyanides 
of iron) ; others again (such as AgCy, HgOya, CnOya, ZnCjt) 
yield cyanogen gas, metallic silver, mercury, etc., and paracyanogen, 
— a brownish-black substance, which is isomeric with cyanogen, 
and which is usually expressed by the symbol, Cj^. 

This deportment of solid cyanides furnishes us with ready means 
of preparing cyanogen gas, either by igniting dry HgCys, or AgCy ; 
or by heating two parts of dry yellow prussiate of potash, or commer- 
cial potassic forrocyanide, K^FeCye, with three pcHrts by weight of dry 
HgCl,. 

Cyanogen is a colourless gas, of peculiar odour, burning with a 
beautiful purple or peach-blossom coloured flame, and yielding COt 
and N. The gas is nearly twice as heavy as air (sp. gr. 1*8), and 
since water dissolves about four times its own volume it must be 
collected over mercury, or by downward displacement. It is one of 
the few gases which condense at a moderate pressure (3*6 atmo- 
spheres). 

REACTIONS IK THE WET WAT. 

The cyamdee of the alkali metals and alkaline earthy metals 
are soluble in water, the former readily, the latter with difficulty. 
The cy amides of the heavy met ah are insoluble in water, with the 
exception of HgCy2 ; but are for the most part solnble in a solution 
of potassic cyanide, forming soluble double cyanides, which are fre- 
quently crystalline, and which upon ignition are decomposed like 
single cyanides, i.e., the cyanide of the heavy metal breaks np into 
metal and cyanogen, or metal, carbon (carbide?) and nitrogen, 
whilst the alkaline cyanide is not decomposed, and can be dissolved 
out from the residue. 

The following is a list of some of the more important single 
cyanides, i.e., cyanides which contain only one metal : — 

Potassic cyanide, soluble in water . . . . ECr 

Sodic „ „ „ .... NaCy 

Sario „ difficultly soluble in water . . BaC^f 

Zincic „ insoluble in water . . . . ZnCy^ 

Cadmio „ „ „ .... OdCSys 

Nickelouf „ „ „ .... KiCyt 

CobaltouB „ „ „ .... OoCyt 

Ferrous „ „ „ . . . . VeCj^ 

Cuprous „ „ „ .... 'Ou'jCyj 

Mercuric „ soluble in water . . . . HffCyj 

Argentic „ insoluble in water . . . . AffCy. 

Some of these single cyanides are readily decomposed by acids, 
with evolution of hydrocyanic acid ; others, especially the cyanides 
of iron, cobalt, and the noble metals (Au,Pt), may be boiled with 
moderately strong acids, without decomposition. 
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Tte action of dilate acids upon donble cyanides sliowff tJlearfy 
£he existence of two distinct classes of double cyanides, via. :-^ 

1st. Double cyanides which are readily decmn/poaahle^ giving ojf 
hydrocyanic acid, when heated with dilute mineral a/yids. They pos- 
sess an alkaline reaction. Their alkaline cyietnide is decomposed by 
dilute mineral acids into HGy and a salt of the alkali metal, and 
infco a cyanide of the heavy metal, which remains in combination 
trith the liberated HCy ; or the latter is evolved and the metallic 
cyanide is precipitated ; or both cyanides are deconiposed, and the 
whole of the HCy is liberated, e.g. : — 

(1) KAgCy, + NOaHo = AgCy + HCy + NOaKo- 

Precipitated. 

(2) KaZn^Cy* + 4HC1 = ZnCla + 2KC1 + 4HCy. 

2rid. Double cyanides which possess a neutral reaction and give off 
no hydrocyanic acid, when treated with dilute hydrochloric a>cid, the 
negative element of the acid forming a salt with ihe alkali metal, whilst 
the hydrogen or positive element, by uniting with the remaining 
elements, forms a new acid of a more complex nature, thus : — 

K4FeCy6 + 4HC1 = H4FeCy6 + 4KCL 

Hydroferrocyamc 
acid. 

KfiFcaCyia + 6HC1 = HeFeaCyi, -h 6KCL 

Hydpoferricyanic 
acid. 

KflCoaCyia + 6HC1 = HeCoaCyi, + 6KC1. 

Hydrocobalticyanic 
acid. 

The single, as well as easily decomposable double cyanides, which 
yield hydrocyanic acid, when treated with dilute mineral acids, are 
moreover remarkable for their highly poisonous character, whilst 
these latter — the double cyanides containing a non- decomposable 
cyanogen radical (e.g., ferrocya/nogen, FeCye, cobalticydnogen, CojCyia) 
— Bjre not poisonous. 

It is obvious that all these complex cyanogen compounds — ^both 
decomposable and non-decomposable — may likewise be viewed as 
double cyanides. 

The following list* contains some of the more interesting double 
cyanides, i.e., cyanides containing more than one metal ; the easily 
decomposable class being indicated by a comma placed between the 
cyanogen and the n^etal : — 

Dipotassic zincic tetracyanide K2Zn,Cy4. 

„ cadmic „ K2Gd,Cy4. 

„ nickelous „ £3Ni,Cy4. 

* £ekul^, Lehrbuch der organifichen Ohemie, I, p. 314. 
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,.. , .. .- . . Potassic argentio diojanide KAgfCrj. 

„ aurous ,, £Au',Ots. 

„ auric tetracyanide KAu''',C74. 

Dipotassic cuprous tetracjanide Ej^Cu 3,074. 

„ platinotis „ KjPt",C74. 

Tetrapotassic diplatinic decacyanide S^/Pt^'^sCjio. 

„ ferrous hexacjanide (potassio 

ferrocjanide, 'yellow prussiate) E^^FeOje* 

Hexapotassic diierric dodecacjanide (potassic 

ferricyanide, red prussiate) K^FejOjis. 

Hexapotassic dicobaltic dodecacyanide (potas- 
sic cobalticyanide) KgfOosOyis. 

Hexapotassic dichromic dodecacyanide KejOr^Oyu. 

M dimanganic „ 'K.^u^Ci<^, 

If we take, however, into acconnt the different deportment of 
these doable cyanides with dilate acids and with fe i*oso-ferric salts, 
with which the easily decomposable doable cyanides give, from an 
acid solation, a precipitate of Prassian blae, whilst the others — ^the 
diflBcaltly decomposable doable cyanides — ^yield no hydrocyanic acid, 
when treated with dilate acids, and prodnce (with the exception of 
the ferro- and ferricyanogen compoonds), no precipitate of Prassian 
blae with ferroso-ferric salts and hydrochloric acid, it becomeli 
evident that the complex groups of elements, ferrocycmogen, FeOye, 
ferricyanogeny Fe2Cyi3, cohalticycunogen. CcnCjuy etc., which behave 
Uke cyanogen (itself a complex gronp of two elements, of carbon and 
nitrogen, or a compoand radical) may likewise he viewed as aympownd 
radicals,* if by this term we denote a gronp of common and constant 
constitaents fonnd in a whole series of componnds, and capable of 
replacing multiples of CI, Br, etc., in constant atomic proportions. 

We are able, for instance, to prodace by doable decomposition, 
precipitates with solable salts of almost all the heavy metals in 
which the potassiam — or positive radical — is either entirely or 
partially exchanged for an eqaivalent qaantity of a heavy metal, 
whilst the negative gronp of elements remains nnaltered, thns : — 

KFeCye + SO^Cao" = KzCa'TeCy. + SO^Ko,, or 
KiFeCye + 2S0aCao" = Ca'aFeCy. + 2SOaKoa. 

On the addition of an alkaline hydrate or carbonate, the whole oiT 
the heavy metal is removed as hydrate, with formation of potassic 
ferrocyanide. 

Easily decomposable soluble doable cyanides give likewise preci- 
pitates with solations of heavy metals, e.g., 

2KAgCya + SOaZno" = Zn^Ag^Cy* + SOaKo,; 

Precipitated. 

bat there is no evidence to show whether these precipitates are real 

• Oompound bodies, oontaining the complex radicals ferro-, ferri-, etc., 
ijyanogen are yiewed here as molecular compounds, and no constitutional formuln 
have been attempted, although it would not be ^fficult to assign such formulce 
to them, if the functions which the carbon and nitrogen atoms play in these 
compounds were sufficiently established. 

L 2 
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componndR or only mixtures of two insolnble cyanides ; nor is there 
any proof that alkaline hydrates reprodnce the original doable cya- 
nide. Dilate solphuric acid decomposes ZnCys in the above preci- 
pitate, AgCy being left behind ; jost as if no connection had ap- 
parently existed between the two cyanides. Alkaline hydrates or 
carbonates are without action upon easily decomposable cyanides. 
A few are decomposed by sulphuretted hydrogen, e,g,y K2CdCy4, 
KsHgOyi, KAgCy2, with precipitation of a metallic sulphide; in 
others, such as KaMnOyi, KaNiOyi, KaZnCy^, and KsCuCy^, the 
metal is only partially precipitated as sulphide, whilst KiFe^Cye 
and KaOo'^Cyi are not precipitated at all. 

It is evident from these changes that easily decomposable and 
difficultly decomposable double cyanides (ferro-, ferri-, cobalti-, and 
chromi-cyanides) differ not so much in their chemical structure and 
habitus, as in the degree of stability which they exhibit, varying 
with the individual nature of the meial which they contain. 

We employ a solijtion op potassic cyanide, KCy. 

NO^Ago gives a white curdy precipitate* of *mrseiitle eyanlde, 
AgCy, insoluble in dilute nitric acid, soluble in ammonic hydrate, 
sodic hyposulphite, and potassic cyanide. The precipitate resembles 
AgOl so very closely that special experiments are required to dis4 
tinguish it from the latter, or to detect hydrocyanic acid in the 
presence of a chloride. 

On igniting a mixture of AgCl and AgOy, which has been 
entirely freed from argentic nitrate by washing with hot water, 
AgCy is decomposed into cyanogen, metallic silver, and para- 
cyanogen. AgOl, on the other hand, fases without decomposition. 
On dissolving the residue in nitxic acid and filtering, a precipitate 
of AgCl is obtained, on the addition of hydrochloric acid, or a soluble 
chloride, the silver of which must have been present originally as 
cyanide. (Distinction between HCl and HCy.) 

Dilute mineral acids decompose potassic cyanide with evolution 
of HCy. On decomposing, therefore, a small quantity of KCy by 
dilute sulphuric acid in a small porcelain dish, and inverting 
another small dish, containing a drop or two of yellow ammonic 
sulphide, over it, the gaseous hydrocyanic acid, acting upon the 
ammonic sulphide, forms ammonic sulphocyanate, CyAms, and 
AmHs, thus : — 

SjAmj + HCy = CyAms + AmHs, 

which gives, on acidulating with hydrochloric acid, a characteristic 
tlood-red coloration with FejCle. 

This constitutes one of the most delicate reactions for free hydro- 
eya/nic acid, as well as for soluble or easily decomposable cyanides, 

SOsCuo'', to which a solution of SOHoa has been added, gives 
with KCy a white precipitate of enprons eyanlde, 'Cu'aCys, soluble 
in potassic cyanide (Ka'Cu'aCyi). 

* HffCys Ib not precipitated by argentio nitrate. 
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NsOiHgjo" gives a grey precipitate of metallio mercurj, whilst 
BgCjs remains in solution, thos :— 

'Hg'^Cy, = Hg + HgCy,. 

Iron salts are among the most delicate reagents for hjdrocyanio 
acid, or for soluble cyanides, on account of their tendency, especially 
in the presence of potassic hydrate, to form difficultly decomposable 
double cyanides (containing the compound acid radicals ferro- and 
ferri-cyanogen), which are of a characteristic blue colour. (Hence 
the name cyanogen, from Kvavo^, blue, and f^eyvriuy I generate.) The 
solution containing hydrocyanic acid, or a soluble cyanide, is first 
treated with a little potassic hydrate, then with a mixture of a ferrous 
and ferric salt (obtained by exposing a solution of ferrous sulphate 
for some time to the air) and heated. On the addition of dilute 
hydrochloric acid, in order to dissolve the ferrous and ferric hydrates, 
which are likewise precipitated by potassic hydrate, a fine blue pre- 
cipitate of Prussian blue is obtained. The changes may be expressed 
by the equations — 

(1) KHo -f HCy = KCy + OH,. 

(2) SOjFeo" + 2KCy = Pe"Cya* + SOjKoa. 

I'eCy2, by combining with 4KCy, forms the soluble double 
cyanide K^FeCye. 

(8) 2S30eFe20^ + 3K4FeCy6 = 3Fe"Cya,2'Fe'"aCy6 + GSO^Koa. 

Free hydrocyanic acid dissolves mercuric oxide, with formation 
of mercuric cyanide, which is not precipitated by alkalies. 

The alkali salts of the compound cyanogen radicals, FeCye, 
FcaCyia, Co2Cyi3, are decomposed by moderately concentrated sul- 
phuric add with evolution of hydrocyanic acid. 

This famishes us with a oonyenient method for preparing hydrocjanic acid. 
Ten parts bj weight of K4FeC78 (yellow prussiate of potash) are distilled in a 
flask or retort with 36 to 40 parts of dilute sulphuric acid (one of acid to six of 
water). The flask or retort is connected with a Liebig's condenser and double- 
necked receiver from which any uncondensed gas can be carried under a Bunsen 
lamp, and burnt. Every joint should be made perfectly H^ht, and the con- 
denser-tube should dip into the water placed in the receiver. The reaction takes 
place according to the equation : — 

i2K4FeCye + SSOjHoj = 6H0y + KaFe'TeOyg + SSOaKoj. 

White residue 

turning blue by exposure 

to the atmosphere. 

Hydrocyanic acid is exceedingly poisonous. Small quantities of 
the gaseous acid, when inhaled, cause a peculiar sensation in the 
throat and are followed by headache, giddiness, and other disagree- 
able symptoms. Great care must therefore be taken in operating 

* FeCys is difficultly obtained in an isolated condition, as it forms in the 
presence of KCy, potassic ferrocyanide, K4FeOye, containing Uie compound 
cyanogen radical FeCye, which in its turn reacts upon the ferric saJt. 
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with HG7, as for instance, on pouring it from one vessel to another, 
or with cyanogen compounds generally, and for the purposes of 
analysis small quantities only should be operated upon at a time. 

HYDROPERROCYANIC ACID, HiFeCye— This acid is 
tetrahasic, i.e., its four hydrogen atoms can be replaced by four 
atoms of a monad or two atoms of a dyad metal. The potassium 
salt is prepared on a manufacturing scale by introducing nitrogenous 
animal substances (horn-shavings, etc.) and iron into fused wood- 
ashes. The fused mass is lixiviated with water and the salt allowed 
to crystallise out. It may also be prepared by decomposing Prussian 
blue with KHo or GOKos and separating the ferric hydrate by 
filtration, thus : — 

3Fe"Cya,2Te'"2Cy. + 12KHo = ^K^FeCje + ^TetHoe. 

Potassic ferrocyanide, KiYeCje + 3Aq, crystallises in large 
lemon-yellow crystjEils ; hence its name* yellow prvssiate of potcush^ 
Its positive element (potassium) can, by double decomposition, 
be replaced by other metals, either entirely or partially, and the 
property of cyanogen to form double cyanides is well illustrated 
by the deportment of the more complex ferrocyanides. This will 
be seen from the following list of some of the more common 
ferrocyanides : — 

K4FeCye + 8Aq. KjCa^FeCyg + 3Aq. 

Na4FeCy6 + 6Aq. CuaFeCyg + 4Aq. 

Am^FeCy^ + 3Aq. KjCu^FeCje + 2Aq. 

Ba^'aFeCje + 6Aq. K2Fe"FeCye. 

KjEa^FeCyB + 3Aq. NaKsFeCyg + 8Aq. 

Oa'^sFeCye + l2Aq. AmKaFeCy, + 3Aq. 

BEACTIONS IN THE DRY WAT. 

K4FeCy6 fuses, when strongly ignited, and breaks up into nitro- 
gen, potassic cyanide, and carbide of iron, or a' mixture of carbon 
and iron, thus : — 

.KiFeCy. = 4KCy + CjFe + Nj. 

Heated with free access of air, or in contact with metallic oxides, 
the KOy is further converted into potassic cyanate, CyKo. 

BEACTIONS m THE WET WAY. 

We employ A solution op potassic feerocyanidb. 

The alkaline ferrocyanides are readily soluble in water, the alkaline 
ea/rthy ferrocya/nides are difficultly soluble ; those of iron and most 
other metals are insoluble in water, and many of them also insoluble in 
adds. They are decomposed on boiling with potassic hydrate with 
formation of a solution of potassic ferrocyanide, and an insoluble 
metallic hydrate. Some ferrocyanides are remarkable for their 
characteristic colour, notably so those of iron and copper; others 
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are white, e.^., those of the alkaline earthy metals, of Zn, Pb, Ag, 
Hg ; greenish white, e,g,y l^i^\FeCj^ Co^jFeCye ; reddish white, e.^., 
Mn^gFeCye. Potassic ferrocyanide is employed, on this acconnt, as 
a useful reagent in the qualitative examination of metals, especially 
of iron and copper. 

NO^Ago produces a white precipitate of arffentle ferrocyanide, 
AgiFeCyc insoluble in dilute nitric acid and ammonio hydrate, 
soluble in potassic cyanide. 

SO2OU0", added in excess, gives with a solution of KiFeCve a red 
(^chocolate-coloured) precipitate of dlcnprtc ferroeyanlde, Cu' aFeCys, 
whilst an insufficient amount of the cupric salt gives a broiim pre- 
cipitate of tflpotaasle eaprlc ferrocyanUle, KsCu^FeCye. 

802Feo^^ gives a light hVus precipitate of dlpotasslc ferrous ferro» 
cyanide, K2Fe''FeCye, thus : — 

K^PeCye + SOjFeo" = KaFe'TeCy. + SOaKoa, 

which is slowly oxidized by exposure to the air, or rapidly, by 
oxidizing agents, such as nitric acid, or chlorine water : a purt of 
the potassium being removed as oxide, or chloride, thus : — 

2Fe"K2FBCy. + CU = Fe^'aKsFe^Cyia + 2KC1, 

Light blue Piferrous dipotassio 

precipitate. ferricyanide. 

or potassic ferricyanide in which four atoms of potassium have bean 
replaced by two atoms of dyad iron. 

Potassic ferrocyanide is, in fact, readily converted into potassic 
ferricyanide, K«Fe3Cyi8 (analogous to the conversion of ferrous salts 
into ferric salts), by various oxidizing agents, such as chlorine, 
nitric acid, potassic chlorate and hydrochloric acid, etc. 

Pe2Cl6 gives an intensely blue precipitate of 3Fe"Cya, 2'Fe'"»Cy^ 
called Prussian blue, thus : — 

3K4FeCy6 + PeaCl. = 3Fe"Cy2,2'Fe'"2Cye + 12KC1, 

which constitutes at once a most characteristic and delicate reaction 
for ferric salts and for f errocyanogen, (as well as for cyanogen, as 
has been already shown). This precipitate is insoluble in dilute 
mineral acids, but dissolves in oxalic acid to a blue liquid (blue ink), 
and in ammonic tartrate to a violet liquid. It is decomposed by 
alkalies. On boiling with mercuric oxide, Prussian blue is entirely 
decomposed into HgCy, and ferrous and ferric oxides, thus : — 

3Fe"Cy2,2'Fe"'2Cy, + 9HgO = 9HgCy2 + 3PeO + 2Pe20,. 

S J adding an insufficient amount of Pe2Cle to a solution of TL^eCj^, a Jblue 
precipitate is likewise obtained which is, however, soluble in water, and is there- 
fore called soluble Prussian blue (used for inks). It is generally thought to be 
composed of one part of Prussian blue and one of potassic ferrocyanide. 

Concentrated sulphuric acid (about 10 parts by weight) decom- 
poses potassic ferrocyanide (1 part by weight of the dry salt) vith 
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evolaiioii of carbonic oxide (method fob pbepabinq oibbonio oxide) ; 
the nitrogen of the cyanogen, being converted into ammonia, is left 
as ammonic sulphate, thus : — 

K4FeCy6 + 6SO2H02 + 60Ha = 6C0 + 2SO2K08 -f SOsFeo" 

+ 3SO»Amo3. 

When concentrated hydrochloric acid is added to an alkaline 
ferrocyanide, hydroferrocyanic acid separates, in the cold, as a white 
crystalline powder, which turns rapidly blue. If ether be added to 
the solution of potassic ferrocyanide, previous to its precipitation 
with concentrated hydrochloric acid, the acid is obtained quite 
colourless. 



HYDROFERRICYANIC ACID, HeFcCyia.— This acid is 
hexahasic, since its six atoms of hydrogen may be replaced by six 
atoms of a monad metal, or by three atoms of a dyad metal. 
Potassic f erricyanide is derived from K4FeCy6 by a process of oxida- 
tion, as, for instance, by passing chlorine into an aqueoas solution of 
it, till a solution of ferric chloride produces no longer a blue precipi- 
tate, but imparts merely a brown coloration to the liquid. The 
change is expressed by the equation : — 

2K4FeCy6 + CI, = K^FeaCyw + 2KC1. 

It is effected by the abstraction of two atoms of the metal potassium 
from two parts of KiFeCye. Two atoms of cyanogen are transferred 
to two molecules of FeCya, whereby the ferrous cyanide is converted 
into ferric cyanide. 

It is also called red prussiate of potash, on account of the dark 
red coloured crystals, which can be separated from potassic chloride 
by crystallisation. 

Meducing agents convert it into potassic ferrocyanide, especially 
in alkaline solutions. The transformation is effected by the addition 
of two atoms of the metal potassium. The ferric cyanide in the 
double cyanide is reduced to ferrous cyanide, thus : — 

eKCy/Fe'^aCy. + K, = 8KCy,2Fe"Cya, or 2(4KCy,FeCya) 

= 2B:4FeCy6. 

The following are instances of indirect oxidation effected by 
potassic ferricyanide : — 

BHs eonverts the f erri- into a ferrocyanide, with separation of sulphur, 
Kl n „ „ with precipitation of iodine, 

Or^Oj, or its salts, in the presence of £Ho, is converted into OrOs, 
JPbO „ „ „ „ PbOj, 

KnO „ „ „ „ MnOj, 

SnO „ „ „ „ SnOj, 

r OOHo 00 

'loOHo " " " " 

KCy „ „ „ CyKo, 

PfOg „ „ „ P^jf 

SOj „ „ ,1 BOz. 
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NHs gives with KeFejCyn potassic and ammonio ferrocjaxiides 
wiih evolutioii of nitrogen gas, tlins : — 

GKeFejCyi, + IBNHs = 9K^¥eCjs + SAnuFeCye + N*. 

Many organic substances, e.g., sugar, dextrine, starcli, alcohol, 
and even paper, are oxidized, in the presence of an alkali, to COs 
and OH3. Indigo is bleached. Phosphorus, sulphur, and iodine 
are converted by the action of KeFe^Cyia, in the presence of alkalies, 

into POHoj, SOjHoa, | q^^ . 

Analogous to potassic ferrocyanide, ferricyanogen forms doitble 
ferricyanideSj by the partial or entire replacement of the six atoms of 
the positive element, potassium, by different metals. The following 
are some of the more important metallic f erricyanides : — 

KeFeaCjis Be/'^KiFeiCyu + 8Aq. 

NaeFesCYii + Aq. Fe''sFe20yu (Tumbull's blue). 

Oa^aFesCyit + 6Aq. 

BEACTIONS IN THE DBT WAT. 

Potassic ferricyanide is decomposed upon ignition, yielding 
cyanogen and nitrogen, and leaving a residue, consisting of potassic 
cyanide, potassic ferrocyanide, Prussian blue, paracyanogen, carbon 
and iron. 

BEACTIONS IN THE WET WAT. 

We employ a solution of potassic febbictanide. 

Ths alkaline ferricyanidee are readily soluble in water. The others 
are mostly insoluble. 

NO2 Ago produces an ora/iige coloured precipitate of arsentle ferrl* 
eyanlde, Ag6Fe3Cyi2, insoluble in dilute nitric acid, but readily 
soluble in ammonic hydrate, and potassic cyanide. 

S02Feo" gives a blue precipitate (7}urnbuirs blue) ofVe"i¥e2Cji2, 
trlferrous ferrieyanlde» which is decomposed by potassic hydrate into 
potassic ferrocyanide and ferroso- ferric hydrate : — 

Fe^sFeaCyia + 8KH0 = 2K4FeCy« + Fe804,4OH,. 

Fe^Cle produces no precipitate, but gives a brotvnish coloration. 
The deportment of potassic ferro - and ferridiyanide with iron salts 
enables us to distinguish between ferrous and ferric salts. 



HTDROCeBALTIGTANIG ACID, Ke'Co'^'aCyu.— Solutions of oobal- 
toTis salts are precipitated by £Cy. The preoipitate consists of flesh-coloured or 
oinnamon-brown cobaltous cyaniaei OoCys. Excess of potassic cyanide dissolyes 
the precipitate, forming a readily decomposable double cyanidci which, on 
boiling, or on the addition of HCl, is converted into a difficultly decomposable 
double cyanide, analogous to potassic ferricyanide, with evolution of hydrogen, 
thus:— 

2(4EOy,CoCys) + 20Hs « KsCojCyu + 2£Ho + H,. 

Potassic obbalti- 
cyanide. 
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Tbi« doable cytmide is of great; iaterest, because it e^ablss «# lo separate 
cobalt from nickel^ both qualitatively and quantitatively. 



CTANIC ACID, CjHo. — Obtained in the form of potassio cyanate by the 
oxidation of KCy or K^FeCy^. This salt is yerf stable when heated by itself, 
but deliquQBces in the air, and is broken up bj water into an aoid carbonate and 
ammonia^ thus :— • 

CyKo + 2OH3 » OOHoKo + JStE^ 

Potatsic cffanate is invariably found in commercial potateic cyanide, sometimes 
to a considerable extent. 

BEACTIONS IN THE DRY WAT. 

Xt acts as a flux in blowpipe reactions, and is a powerful oxidizing agent. 
When heate(i vith charcoal, it is converted into KCy, 00, and CO^. On heating, 
therefore, a metallic oxide on charcoal, with KCy containing CyKo, the oxide is 
reduced to the metallic state. 

REACTIONS IN THE WET WAT. 

The cyanates of the alkalies, alkaline earths, and a few metallic oxides are 
soluble in water, but decompose rapidly with evolution of ammonia. NO^Ago pro- 
duces with potassic cyanate a white precipitate of argentic ejramite, CyAgo, 
soluble inammonic hydrate, and in dilute nitric acid ; AgOy is insoluble m nitric 
acid. 

Moderately oonoentrated sulphuric or hydro<diloric aoid decomposes Cy£o 
with efferrescence, owing to the liberation of CyHo, which affects the eyes most 
painfully, and is recognized by its pungent odour, resembling that of strong 
acetic acid ; the greater portion of the liberated acid is, howeyer, decomposed at 
once by water into CO^, and an ammonic salt, thus : — 

2CyKo + 2SO3H03 + 20Hs =» 2COs + SOsKoj + SOsAmoj, 

and it is by testing tar ammonia, by means of oaustic lime, that its presence can 
be shown. 



BUIiPHOCTANIG ACID, CyHs.— Obtoined in combination with potas- 
sium by heating KCy with sulphur or a metallio sulphide. Hence the usefulness 
of potassic cyanide for reducing metallic sulphides in blowpipe reactions. 

REACTIONS IN THE DET WAT. 

OyKs can be fused out of contact with the air, without undergoing deoom- 
positioii. It turns first brown, then green, and lastly indigo blue, but becomes 
again colourless on cooling. In contact with the air, CyKs is converted into 
cyanato and sulphate, with disengagement of SOs. The sulphocyanates of the 
heavy metals are decomposed upon ignition, CSj being given off at first, and on 
raising the tomperature a mixture of nitrogen and cyanogen is evolved, whilst a 
metallic sulphide is left : — 

4^yCus" » N3 + 8 { ^^ + 2OS3 + 40uS. 

BBACTIONS IN THE WET WAT. 

We employ a soltttion ov ahmonio bulfhocyanate, CyAms. 

NO^Ago produces a white curdy precipitato of ^rsentlo sulplioeyanate, 

CyAgs, insoluble in water and in dilute acids ; it is soluble in ammonic hydrate, 
from which it crystallises out on evaporation. It is also soluble in CyAms or 
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CyEsi forming a doable solphoojanate (OjAgs, CjKb), from whkh. water or 
hydrochloric acid precipitates granular — ammonic hjdrate, crjetalline Cj Agg. 
SOsCuo'' gives a black crystalline j[)recipitate of cnpiie artphacyanatCf 

^Ous'^ which on standing in the liquid is oonyertod into cnpr^iu snljplui* 

eyanate. ^Cuss" This characteristic cuprous salt is obtained instantly by 

adding SOH(^, or a solution of a ferrous salt to the cupric salt. 

FejCls produces an intensely red soluHon, owing to the formation of a soluble 
ferrle anlphocyanate, GysFesS^^ Alkaline sulphocyanates famish us, on this 
account, with ^a most delicate reaction fbr ferric salts. This reaction serves also 
for the detection of sulphocyanogen and hydrocyanic acid. The blood red colour 
is destroyed by HflrGI]. On introducing some metallic sine into the blood sed 
solution, SHs is evolved. 

QUESTIONS AND EXERCISES. 
1. Explam the derivation of the term cyanogen. 

^-»-, FeCys and FejCyig viewed as compound radicals P 

8. How are ECy and £4FeCye prepared ? Describe their properties, as tar as 
the analytical data illustrate them. 

4. Explain the action of heat upon ECy and £4FeCye, 1st, out of contact with 
air ; 2nd, with free access of air. 

6. What constitutes the usefulness of ECy as a reagent for blowpipe experi- 
ments P 

6. Explain the changes which cyanides of the heayy metals undergo upon 

ignition. 

7. How would you prepare cyanogen gas P Describe its properties. 

8. Classify cyanides according to their solubility in water. Enumerate some of 

the more important smgle cyanides. 

9. What is understood by soluble double cyanides P How are they classified, 

and how can the easily decomposable doable cyanides be distinguished 
from the difficultly decomposable double cyanides P 

10. Enumerate, 1st, easily decomposable double cyanides ; 2nd, difficultly decom- 

posable double cyanides. 

11. Q-ive reasons for the existence of the compound radicals ferro-, ferri- and 

cobalticjanogen in the double cyanides E4FeCyg, Pb'^aFesCyis, 
Cu^sCojCyij. 

12. Explain the action of dilute acids aiK>n single cyanides and upon easily de- 

composable double cyanides. 

13. Explain the difference between a precipitate, produced by a solution of a salt 

of a heavy metal with a solution of an easily decomposable double cyanide, 
or with an alkaline ferro- or ferricyanide. 

14. What is the action of hydrated and carbonated alkalies upon the two classes 

of double cyanides P 

15. Explain the action of SH2 upon the following cyanides and double 

cyanides: HgrCyj, E2CdCy4, EAgCyj, E2MnCy4, E2CuCy4, E2CoOy4, 
K2NiCy4. , 

16. How is AgCy distinguished from AgCl ? 

17. Describe the action of 'H.Cy upon 82Am2, and explain how traces of HCy 

can be detected, in the presence of ferro* or ferricyanogen compounds. 

18. How would you demonstrate the greater stability of H8rCl2 over that of 

H8rCy2? 

19. Explain the use of ferroso-ferric salts for the detection of HCy. 

20. How is HCy prepared P Describe its properties. 

21. Describe shortly how yellow prussiate of potash can be prepared. 

22. Enumerate some of the more common ferrocyanides. 

23. How would you examine a ferrocyanide insoluble in acids, e.^., Prussian 

blue ? 
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24. Explain the acidon of KHo upon Prussian blue and upon TwrnMVs hlue. 

25. Explain what reaotdons ferrous and ferric salts give with fiarro- and ferri- 

cyanides. 

26. Explain the formation of soluble ]rfussian blue. 

27. What is the action of dilute or of concentrated sulphuric acid upon potassio 

ferrocjanide ? 

28. State how H4Fe076 is prepared. 

29. Explain the conyersion of potassic ferro- into ferricjanide. 

30. Q-ive instances of the oxidising action of potassic ferricjanide in alkaline 

sohitions. 

81. Enumerate some of the more important, metallic ferricnranides. 

82. How can argentic ferro* and f erricyanides be separated from each other P 

83. What decomposition takes place when ferro- and ferricyanides are fused with 

a mixture of ammonic sulphate and nitrate ? 

84. How is OyHo recognized in the presence of a cyanide ? 

85. What is*the action of concentrated SO2H0S upon a cyanate ? 

36. What reactions take place when potassic cyanate is heated with charcoali 
with KnOs, or with OH2 ? 

87. Explain the formation of potassic sulphocyanate, and state what change it 

undergoes when heated in contact with air. 

88. Explain the action of nascent hydrogen upon ferric sulphocyanate. 

89. Why does potassic sulphocyanate enable us to distinguish between ferrous 

and ferric salts ? 

40. Calculate the percentage composition of cuprous sulphocyanate, JOa^", 



Chapter VIII. 
BEACTIONS OF THE ACIDS. 

B. Obqinic Acids. 

Most organic acids cannot be distinguished qualitatively as readily 
as inorganic acids. A few of the more generally occnrring acids 
which can be readily detected, claim a short notice. 

The greater number of organic acids consist of carbon, hydro- 
gen, and oxygen ; some also contain nitrogen. There is no organic 
acid known containing only two single atoms of an element, and 
only one containing three, viz., hydrocyanic acid, HON ; whilst the 
number of atoms in a molecule of most organic acids, as for in- 
stance in stearic acid, CuHmOs, is far greater than in any inorganic 
compound. 

The element with^which oxygen, hydrogen, and nitrogen are 
grouped in organic acids is carbon^ which in most cases, probably 
in all, acts as a tetrad element.* 

Groups of elements performing similar functions in organic acids, 
and built up invariably in the same number, are called convpound 
organic radicals. 

Nearly every organic acid contains one acidifying principle of 
two negative compound radicals, e,g, : — 

* Frankland : Lecture Notes, page 199. 
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{Cj^"' 
Qj^n, N=C-f-C=N, or 

llj'S," "^(COH. 0=0t<>=0. 

o 

A i 

The semi-molecnle of each of these compound radicals contains 
one atom of carbon with one bond lefb free to combine with another 
element, or gronp of elements, the other three bonds being satisfied, 
in cyanogen, by combining with triad nitrogen, or in ozatyl, with 
one atom of oxygen and one of hydrozyl. In the molecnles the two 
free bonds of the carbon satisfy each other. 

These radicals are closely related to each other. An aqneons 
solution of cyanogen (one volume of water dissolves about four 
volumes of the gas) is speedily transformed into ammonic oxalate, 
thus: — 



\ CN + ^^» = 1 COAmo- 



In the presence of a boiling solution of potassic hydrate, cyanogen 
evolves ammonia and produces potassic oxalate, thus : — 

I g^;;; + 2kho + 20H. = | gg|° + 2nh.. 

from which salt oxalic acid can be obtained. 

Oxalic acid, on the other hand, may be converted into cyanogen, 
by trausforming it into ammonic oxalate and submitting this salt to 
the action of heat, thus : — 

f CO(NH,0) _ f CN'" .Q^ 

Oxalic acid, or the molecule of the compound radical oxatyl, 
results from the oxidation of a large number of organic bodies, e.g,^ 
sugar, woody fibre, etc., by the action of powerful oxidizing agents, 
such as concentrated nitric add, and is resolved into products of the 
final oxidation of everything organic, viz., carbonic anhydride and 
water. 

Heat, in fact, breaks up nearly all salts of organic acids. Those 
of alkaline and alkaline earthy bases, leave upon gentle ignition 
ca/rhonates, with separation of carbouj and consequent blackening, 
oxalates excepted. The carbonaceous residue being soluble in water, 
indicates that the organic acid was combined with alkali metals, and 
if insoluble, with alkaline earthy bases. The decomposition is, more- 
over, accompanied in most instances by the evolution of volatile 
matter, of carbonic oxide and hydrocarbons, empyreumatic vapours 
and oils. 
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FORMIC ACID. 



In the free state organic acids are either volatile, and can be dis- 
tilled or sublimed, generally without undergoing decomposition and 
without leaving any carbonaceoas residue, as for instance, formic 
acid, and its homologues acetic acid, etc. (or the acids of the fatty 
acid series) ; benzoic acid and others, belonging to the series of 
aromatic organic acids. These acids can be removed from any of 
their saline compounds by decomposition with dilute sulphuric 
acid. Other organic acids are non-volatile, and are decomposed 
when heated by themselves, leaving a carbonaceous residue ; and the 
acids cannot be removed from their salts by distillation with sul- 
phuric acid. 



f XT 

FORMIC ACID^ < /^oHo' — ^^^^^^^ ^^ ^ great many chemi- 
cal reactions, as a product of oxidation or decomposition. It is 
usually prepared by heating a mixture of equal weights of crystallised 
oxalic acid and glycerine to 75° C, and distilling with water — 

IcOHo - \COHo "♦• ^^'' 

Formic acid distils at 100^ C. It is of interest, as being the lowest 
possible acid in the series of fatty acids, a series which most com- 
prehensively illustrates the structure of organic acids. 

By a successive increment of CH2, or by substituting for H — 
the positive element in formic acid-r-successively semi-molecules of 
the compound organic radicals methyl, CH3, ethyl, C2H5, etc., the 
whole series of fatty acids can be obtained, thus :* — 



Formic acid 



Acetic acid 



Propionic acid 



Butyric acid 



Stearic acid 



tCOHo 

< CHa or 
tCOHo 



{ 



CH, 
COHo 



or 



tCOHo 



JCH, 
iCH, 
[COHo 

rH 

CH, 

CHj or 
CH, 
LCOHo 



O 

II 
• H— C— 0— H 

H 

I Jl 
H— C— G— 0— H 

i 

H H O 

H— C— C— (Lo—H 

I 
H 



tCOHo 
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The lower members of the series of fatty acids dissolve freely in 
water, whilst the more complex fatty acids, with largely increased 
molecular weights — to mention only stearic acid — are qnite insoluble 
in water. 

REACTIONS IN THE DRT WAT. 

Formates of the fixed alkalies and alkaline earthy bases, when 
heated out of contact with air, are decomposed into carbonates, and 
a little carbon, with disengagement of combustible gases — mainly 
carbonic oxide and hydrogen. Formates of the heavy metals give 
off CO2, CO, and OH2, leaving the metal (generally mixed with a 
little carbon). 

BEACTIONS m THE WET WAT. 

We employ a solution of sodic formate, j qq^ • 

All formates are soluble in water ; some also in alcohol. 

Formic acid and formates are readily recognised by their pro- 
perty of reducing salts of the noble metals, e.g.^ AuCls, NOaAgo, 
iTaOiHgao", or HgCls, to the metallic state, with evolution of car- 
bonic anhydride. 

Potassic permanganate is likewise deoxidised by formic acid. 

This reduchig action distinguishes forrrdc acid from acetic add and 
most of its homologues. 

When heated with concentrated sulphuric acid, formic acid and 
formates are broken up into water and carbonic oxide, which latter 
bums with a fine blue flame. (Method of preparing carbonic oxide 
OAS.) The mixture does not blacken. The decomposition is expressed 
thus : — 

{ COHo "^ SO2H0, = CO + SOjHoa + OH2. 

ACETIC ACID (Vinegar), | ^q|j^.— Obtained either by the 
oxidation of alcohol, thus : — 

or by the destructive distillation of vegetable substances, especially 
of wood. Pure acetic acid boils at 117° C, and is prepared by 
decomposing dry sodic acetate (5 parts by weight) with concen- 
ia'ated sulphuric acid (6 parts by weight). The cradeacid is placed 
over MnOs, in order to destroy any SO2, and rectified by distillation 
over a little sodic acetate. 

reactions in the DRT WAT. 

Acetates are decomposed upon ignition, yielding a peculiar 

f CTT 
inflammable volatile liquid called a^etone^ < qqct^ > ^\x& : — 
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Tbe acetates of the alkalies and alkaline earthy bases, when 
strongly ignited, leave a carbonate ; those of the heavy metals 
leave either a metallic oxide, or the metal itself, mixed with 
carbon. 

Heated with canstic alkalies (soda-lime), as seen in Fig. 19, dry 




Fio. 19. 

sodic acetate g^ves off ma/rahrga^^ or UgJit carhuretted hydrogen^ CH4, 
thus : — 

3 { coNao "^ NaHo,CaHo, = 2CONao^ + COCao" + 3CH4. 

3Canh gas. 

The gas can be collected in the nsnal manner over water, and on 
applying a light it bnms qnietly with a yellowish flame, with for- 
mation of water and carbonic anhydride. It forms one of the con- 
stituents of the gas-bnbbles which are seen to rise from the bottom 
of stagnant waters, where decaying organic matter has accumulated. 
Hence its name marsh-gas. 

Its specific gravity is -554 when compared with air. Its mole- 
cular weight is 16, one litre weighing 8 criths. A mixture of marsh- 
gas and air — one part by volume of the hydrocarbon with 10 of air 
— explodes powerfully when a light is applied. Light carburetted 
hydrogen forms a constituent of ordinary coal- gas, and is likewise 
found in coal mines, where it gives frcquently rise to explosions 
when mixed with air and fired. It is called by the miner ^re-(2nmp. 
The atmosphere left in the workings of a coal-pit, after an explosion 
of fire-damp has taken place, is called choke-damp^ or after'damp, 
consisting to a large extent of carbonic anhydride. 

BEACnONS IN THE WET WAT. 

A SOLUTION OP SODIC ACETATE, < nQNao ""^^ ^ employed. 
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All acetates are sohihle in water. Argentic and mercurous acetates 
are the least soluble. 

On heating a solid acetate (or a concentrated aqneous solu- 
tion of it) with alcohol and concentrated sulphuric acid, acetic 

{CH 
COEt ^^* ~ ethyl) is formed which 

possesses a peculiar fragrant odour. The change is expressed 
thus : — 

{ OONao + ^*H° + SO'H^' = { COEto + SO,HoNao + OH,. 

Too much alcohol should be avoided lest common (or sulphuric) 
ether, OEta, be formed, the odour of which would mask that of the 
r-cetic ether. 

By distilling an acetate with moderately dilute sulphuric acid 
in a retort, free acetic acid is obtained, which is recognised by its 
characteristic pungent odour. 

FejCI^ added to a solution of an acetate, produces a deep red-coloured solu- 
tion, owing to the formation of ferric acetate. On boiling, the whole of the iron 
is precipitated as basic ferric acetate, in the form of brownish-yellow flakes. 
AmHo precipitates the iron from a solution of ferric acetate as ferric hydrate. 

Ammonic acetate, especially in the presence of ammonia, disBolves seyeral 
insoluble sulphates, e.ff., SOaPbo", SOaCao". 



STEARIC ACID, {cOHo-— ^^^^^ ^^ ^a% ^^^es, e.g., 

rCHaHo 
pure mutton fat, in combination with glycerine, < CHHo. When 

LCH,Ho 

heated with solutions of caustic alkalies, the fat saponifies and the 
fatty acid forms with the alkali metal a soap, freely soluble in warm 
water, and the glycerine separates. On decomposing the soap by 
the addition of an acid (dilute hydrochloric or sulphuric acid), the 
fat which separates is found completely changed in character. It 
has an acid reaction to test-paper when in a melted state, and is 
soluble with the greatest facility in alcohol, from which it ciystallises 

r C H 

• in milky white needles. Its composition is C18H35O2, or < qI^tt* . 

{C H 
CON** , and 

contains generally — 

20 — 26 per cent of water 
7 — 8 „ „ soda (ONaj) 
and 67 — 73 „ „ stearic acid. 

The analysis of soap is effected by treating 10 grms. cut up into 
thin slices, in a porcelain dish, with dilute hydrochloric acid, and 
heating gently for some time, till the whole of the soap is decom- 
posed. The fatty acid floats on the surface. The dish is set aside 

M 
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to cool, when the fittty add is obtamed as a solid cake, which can 
be readily removed and dried between filter paper. Sodic chloride 
is left in solution, and is obtained on evaporation in crystals. 

QUESTIONS AND EXEBOISES. 

1. What elements enter into the composition of organic acids ? 

2. State which componnd organic radicals are met with in organic acids, and 

show the relation which exists hetween them. 

3. How are the sereral salts of organic acids influenced by heat, and what 

inference can be drawn from this action ? 
4u Explain the stmcture of the seyeral members of the fiktty acid series. Give 
illustrations. 

5. How is formic acid obtained, and what changes do formates undergo, when 

heated out of contact with air ? 

6. How can a formate be detected in the wet way ? GKye equations. 

7. State how you would prepare pure carbonic oxide from baric formate. 

8. You haye given to you plombic formate, how would you prepare therefrom 

formic acid and sodic formate ? 

9. State how acetic acid is prepared. 

10. What is the action of heat upon dry acetates P 

11. How would you prepare marsh-gas ? 

12. Explain the X^ermB fire'damp, and ehoke-dampy or ctfter-damp. 
18. How can the composition of marsh-gas be shown experimentally ? 

14. Explain the action of acetic acid upon argentic carbonate or plumbic oxide. 

15. What residue is left on igniting sodic acetate, calcic acetate, plumbic acetate, 

or argentic acetate ? 

16. Explain how you would obtain acetic ether, describe its composition and 

properties. 

17. Gtvre graphic formulse for marsh-gas, cyanogen, acetic ether, acetone. 

18. Explain the composition of hard soap. 

19. A solution containing an unknown quantity of formic acid, when heated with 

solution of AuClsy yielded 2*235 grms. of metallic gold. How much 
formic acid by weieht did the solution contain P 

20. A quantity of crystalhsed argentic acetate leaves upon ignition 1*236 grm. of 

metallic silver. How much acetic acid does this correspond to P 

21. How much dry sodic acetate must there be decomposed in order to obtain 

20 litres of marsh-gas P 

BENZOIC ACID, jcoBo' ^' ^^^^^^ BzHo.— Is fonnd 

in many gnms and balsams, from which it is obtained by subli- 
mation. Heated in a tube open at both ends, the acid sublimes in 
long needles, giving off a very irritating vapour. Heated on platinum 
foil, benzoic acid burns with a luminous smoky flame. 

The crystalline acid is very slightly soluble in water or acids, 
and floats on water. Benzoates of tetrad metals are mostly insoluble 
in water, all others are soluble, 

Fe2Cl6 gives &pale yellow precipitate of basic ferric bcnzoatc, 

Bz6Fe20^,Fe»08 +15 Aq ; and ammonic benzoate is employed some- 
times for the separation of Fe*^ from Mn" (compare page 38). 

On distilling benzoic acid with lime or baryta, benzol, CsHe, is 
obtained — 

{cOHo "^ °*^ = °*^' + COCao". 
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Dilute acids precipitate benzoic acid from aqaeous solntions of 
benzoates ; nitric acid is without action apon it. 

Heated with concentrated sulphuric acid, benzoic acid does not 
blacken, neither does it eyolve SOs. 



r COHo _ 

SUCCINIC ACID^ < CjH* , or briefly SuHo,.— IKftcwic acid.— 

[COHo 
Obtained by the distillation of amber, of fossil resin, and also by 
the long-continued action of nitric acid upon butyric, stearic, or 
margaric acids. The acid crystallises in white plates, is readily 
soluble in water, alcohol, and ether, and is not acted upon by boiling 
nitric acid. Heated in a tube open at both ends, it sublimes in silky 
needles. Heated upon platinum foil, it bums with a blue flame and 
without smoke. 

Succinates are decomposed upon ignition; the alkaline and 
alkaline earthy succinates leave a carbonate, mixed with carbon. 

Most succinates are soluble in water. 

Plumbic acetate gives a white precipitate of neutral plumliie 

rco — ' 

suecinate, < C2H4Pbo", which is rendered basic by treatment with 

lco_, 

ammonic hydrate. 

Fe2Cl6 produces from a solution of neutral ammonic succinate, 
a brownisJC-red, voluminous precipitate of basle ferrle succinate, 

Su3Fe20^,Fe203, readily soluble in mineral acids. AmHo renders 
the precipitate darker by withdrawing a quantity of succinic acid as 
ammonic succinate, leaving a more basic succinate. (This reaction 

SERVES FOR THE SEPARATION OP Mn" FROM Fc*^). 

On boiling the precipitate, produced by ferric chloride from a 
solution of a succinate or benzoate, with ammonic hydrate, soluble 
ammonic salts of these acids are obtained which can be separated by 
filtration from the insoluble residue. On the addition of alcohol 
and BaCla to the ammoniacal solution, a white precipitate of baric 
succinate is obtained, whilst benzoic acid gives no precipitate (dis- 
tinction BETWEEN BzHo AND SuHoa.) 

QUESTIONS AND EXERCISES. 

1. How are benzoib and succinio acids prepared ? GKve graphic formulas. 

2. How would you distinguish BzHo from SuHo2 in the dry way P 

3. State how the precipitate produced by BzHo and SuHoj with Fe2Cl6 

assists us in distinguishing between these two acids. 

4. How would you prepare benzol from benzoic acid P 

5. You have given to you a mixture of plumbic benzoate and succinate. State 

how you would obtain the two acids in the free state. 

6. 1*340 grm. of the argentic salt of an organic acid leaves upon ignition *632 grm. 

of metallic Ag. What is the molecular weight of the acid ? 

M 2 



164 OXALIC ACID. 

OXALIC ACID^ < QQTT — Dibasic acid, — Obtained by the 

oxidation of a large number of organic bodies, e.g,, sugar, by nitric 
acid ; or woody fibre, by the action of caustic alkalies. The free 

r GOTTo 
acid, < QQTTf. + 2Aq, is a violent poison. It crystallises in rhombic 

prisms with two molecules of water of crystallisation, which it loses 
when exposed to dry air, i.e., it effloresces and crumbles to a 
powder. With bases it forms an important series of salts called 
oxalates. The acid being dibasic, two series of salts, neutral and 

acid oxalates, < r^ry^^ aiid < r%r\Tj » exist (besides some super-acid 
oxalates). 

REACTIONS IN THE DRY WAY. 

Oxalic acid when heated by itself, sublimes for the most part 
unchanged; a portion of it breaks up into CO, CO2 and some formic 
acid. Oxalates yield, upon ignition, different products of decom- 
position, according to the nature of the base contained therein. 

Alkaline oxalates leave a ca/rhonate, with slight blackening, and 
give off carbonic oxide. 

Alkaline earthy oxalates leave a carbonate, together with some 
coMstic base, if a strong heat be applied, and give off CO and CO2. 

Oxalates containing metallic bases Which do not form carbonates, 
or the carbonates of which are decomposed by heat, break up into 
metallic oxides, and give off equal volumes of CO and CO2, or into 
metal, as for instance argentic oxalate, giving off CO2. 

REACTIONS IN THE WET WAY. 

COAmo 



COAmoV 



We employ a solution of ammonic oxalate, * 

Oxalates are either soluble in water, e.g., the alkaline oxalates and 
a few metallic oxalates ; or insoluble in water, but soluble in adds. 
CaCl2 (S02Cao" or CaHo2) precipitates even from very dilute 

r CO 

solutions white pulverulent calcie oxalate, <^ ^/-vCao", readily soluble 

in hydrochloric or nitric acid ; almost insoluble in oxalic or acetic 
acid, and in potassic or ammonic hydrate. Heat promotes the pre- 
cipitation from very dilute solutions. This constitutes one of the 
most delicate reactions for oxalic acid. 

BaCl2 gives from solutions of neutral oxalates a white precipitate 

of baric oxalate, < ^QBao" -|- Aq, soluble in oxalic acid, readily 

soluble in hydrochloric or nitric acid. 

N02Ago produces a white precipitate of arsentle oxalate, 

1 PO A^^' soluble in dilute nitric acid, and in ammonic hydrate. 

Concentrated sulphuric acid decomposes oxalic acid or oxalates, 
on the application of a gentle heat, into CO and C02, without 
blackening, by withdrawing from the molecule of oxatyl a molecule 
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of OHt. The gaseous mixture is passed through a wash-bottle 
containing caustic soda or lime-water, and the carbonic oxide gas 
is collected over water. The gas bums with a hltie flame. (Usual 

METHOD FOE PBBPABING CARBONIC OXIDE.) 

Oxalic acid, or oxalates in the presence of free mineral acids, act 
as redmdng agents. 

Treat a little black oxide of manganese and oxalic add, or an oxalate, with a 
few drops of concentrated sulphuric add. Effervescence ensues. The gas which 
escapes is carbonic anhydride, thus : — 

MnOt + I 2q^^ + 2SOaHoa = 2OO2 + SOaMno" + SOjKoa + 20Ha. 

A solution of gold is reduced to metallic gold, thus : — 

2AuCl8 « 8 { 2^2^ = 6OO3 + Aua + 6H01. 
Potassic permanganate is speedilj reduced (decolorised). 

QUESTIONS AND EXEBCISES. 

1. How is oxalic acid obtained ? Describe shortly its properties. 

2. What changes does oxaho acid undergo^ 1st, upon ignition ; 2nd, upon heating 

with SOsHoa ; 3rd, upon treatment with SOaHoa and KnOa or OrjOtKoa ; 
4th, in contact with AuClj ? 

3. How would you distinguish calcic oxalate from calcic carbonate, fluoride, 

borate or phosphate. 

4. What takes place when potassic, argentic, calcic, or zincio oxalate is ignited by 

itself? 

5. How would you prepare pure carbonic oxide gas from sodic oxalate ? 

6. Why is oxalic acid decomposed by concentrated sulphuric acid almost without 

any blackening ? 

7. Calculate how much KnOa is contained in a sample of black manganic 

oxide, 2*2 grms. of which, when treated with -I qq;^^ and SOaHoa, 

yielded 1*662 grm. of 00a. 

8. The calcic salts in one litre of water are precipitated with ammonio oxalate. 

The precipitate yields upon ignition 1*696 grm. of OOCao'^ How much 
OaO does the water contain, 1st, per gallon, 2nd, per 100,000 parts ? 

rCOHo 
TARTARIG ACID,< chHo' ^^^^^7 THor-JKlasic add.— 

[cOHo 
Found in grapes, tamarinds, pine-apples and several other fruits in 
the form of hydric potassic tartrate. The acid met with in commerce 
is prepared from the tartar or a/rgol^ an impure hydric potassic tar- 
trate, deposited from the grape juice during fermentation. The acid 
forms colourless transparent crystals, very soluble in water, both hot 
and cold, and soluble also in alcohol. The aqueous solution under- 
goes gradual decomposition. 

REACTIONS IN THE DET WAY. 

Tartaric acid is decomposed by heat, giving off a peculiar odouvy 
resembling that of hwmt sugar (caramel), and leaving a residuQ of 
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carbon. Alkaline tartrates wlien heated in a test-tube, are decom- 
posed, with evolution of inflammable gases, leaving a mixture of 
finely-divided charcoal and carbonate (black flux), from which the 
carbonate may be extracted by water. The carbonaceous residue 
left upon igniting alkaline earthy tartrates contains an insoluble 
carbonate, and effervesces when treated with dilute hydrochloric 
acid. Tartrates of the heavy metals also undergo decomposition, 
accompanied by the characteristic odour of burnt sugar, and leave 
much carbon mixed with metallic oxide or metal. 

REACTIONS IN THE WET WAT. 

We employ A solution of tartaric acid, and for some reactions 
A SOLUTION OF A NORMAL SALT (Bochelle salt, Or potassic sodic tar- 
trate). 

The alkaline tartrates are soluble in water, the acid salts less so 
than the neutral tartrates. The normal tartraies of the alkaline earthy 
bases, of the ea/rths a/nd heavy metals, are difficultly soluble in water, but 
dissolve readily in dilute tartaric acid. Alkalies fail to precipitate 
double tartrates, readily soluble in water, containing an alkaline 
and metallic base. Hence the presence of tartaric acid serves to 
jprevent the precipitation of FeaOs, OFsOs, ZnO, NiO, CoO, MnO, 
CuO, PbO, BisOs, PtOs or CdO, whilst some other substance, 
e.g., POHos, if present, may be precipitated from an alkaline solu- 
tion. 

KCl (or some other potassium salt, especially the acetate) pro- 
duces in a solution of free tartaric acid a hea/uy white crystalline 

precipitate of liydrie potassie tartrate, THoKo, readilv soluble in 
mineral adds and in alkalies and alkaline carbonates, msoluble in 
acetic acid. The precipitation is accelerated by agitation and by 
allowing to stand for some hours. Alkalies dissolve the precipitate, 
forming a normal tartrate, soluble in water, from which acetic acid 
reprecipitates the hydric potassic tartrate. 

CaHos added to excess precipitates free tartaric acid as a white 

ealde tartrate, TCao". 

CaCla (but not SOaCao", except on long standing,) precipitates 

fr>om a solution of a normal tartrate, white calcie tartrate (TCao", 
-i- 8 aq.), soluble in acids, even tartaric acid, in ammonic salts 
(AmCl), but not in ammonic hydrate. The precipitate is soluble 
in cold potassic or sodic hydrate, which is nearly free from carbonate, 
but is repredpitated on boUing as a gelatinous mass, which redissohes 
on cooling. 

NOaAgo produces from a solution of a normal tartrate (e.g,^ 
Rochelle salt) in the cold a white curdnf precipitate of aryentlc tar- 
trate, ^AgOs. On filtering and dissolving some of the precipitate 
off the filter with a little dilute ammonic hydrate, and heating the 
solution in a cleam^ test-tube or flaak during ten to twenty minutes, 
in water, heated to about ^&^ C, the glass becomes coated with a 
fine silver mirror. (Characteristic reaction for tartaric acid.) 

AcaPbo" gives a white crystaUine precipitate of plumlile tartrate, 
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TPbo*, from solniions of tartaric acid, or its soluble salts. The 
precipitate is soluble in nitric acid, and in amnionic hydrate ; the 
latter giving rise to the -formation of plumbic ammonic tartrate, 
which cannot be precipitated by Am Ho. 

Tartaric acid and ammonia dissolve SOaPbo". 

Concentrated SOsHos decomposes tartaric acid, or a tartrate, on 
heating, with evolution of SOa, CO3, and CO, and separation of 
carbon. 

QUESTIONS AND EXEKOISES. 

1. Describe some sources of tartaric acid. 

2. Describe the decomposition which tartaric acid and tartrates undergo upon 

ignition. 

8. What is the composition of black flux 1 

4. Explain the solvent action of tartaric add upon certain tartrates in the pre- 
sence of alkalies. 

6. How can tartaric acid be detected in the wet way ? 

6. CKye graphic formulse for Bochelle salt, argentic and plumbic tartrates. 



r OHHo(COHo) _ 

CITRIC ACIDJ CH (COHo) + 2 aq., or briefly CiHos.— 

[OHa (COHo) 
Tribasic add. — Obtained from orange or lemon-juice. Found also 
in many other fruits. It forms colourless prismatic crystals, which 
possess a pure and agreeable acid taste. They dissolve in cold and 
hot water, and in alcohol. The aqueous solution undergoes decom- 
position afber a time. The citrates are very numerous, the acid 
forming, like phosphoric acid, three classes of salts by the replace- 
ment of one, two, or three atoms of hydroxyl by a corresponding 
amount of potassoxyl, etc. 

BEACTIONS IN THE DRY WAT. 

On heating citric acid, it loses first its water of crystallisation, 
then fuses, and is decomposed with disengagement of pungent and 
irritating acid fumes, leaving a less abundaut carbonaceous residue 
than tartaric acid. Alkaline and alkaline earthy citrates leave a 
carbonate upon ignition. 

BEACTIONS IN THE WET WAT. 

We employ A solution of O1H03 in water, or a solution of a 

NORMAL alkaline CITRATE. 

Potassic salts give no precipitate. 

GaHoa gives no precipitate m the cold from a solution of citric 
acid, or of a neutral citrate ; but on heatmg, a white precipitate of 

calelc citrate, C^Cao"3, is obtained. (Distinction between tartaric 
AND citric acid.) When both citric and tartaric acid are present, the 
precipitate produced by GaHos, or GaCla in the cold is filtered ofE, 
and the clear filtrate boiled, when a further precipitate indicates 
citric acid. 
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GaCl2 produces at first no precipitate in the cold from an aqneons 
solution of citric acid, or a soluble citrate ; but on standing precipi- 
tation takes place and is all but completed, even in the cold, after 
24 hours. On boiling a white precipitate of calcic citrate is ob- 
tained, if the solution be neutral, or if it contain an excess of lime 
water or ammonic hydrate. This precipitate is insoluble in sodic or 
potassic hydrate, but soluble both in ammonic salts and in acids. 

Argentic citrate, dissolved in ammonic hydrate, does not form a 
mirror upon heating. Citric acid, hke tartaric acid, prevents the 
precipitation of certain oxides, more especially of AI2OS, of Groups II 
and III, by caustic alkalies, on account of the formation of soluble 
double citrates, containing a metallic and alkali base. 

Concentrated sulphuric acid decomposes citric acid or citrates 
slowly. On cautiously applying heat, 00 and OOj escape, at first 
without any blackening of the liquid, but on boiling for some time, 
S02 is evolved, and carbon separates. 

QUESTIONS AND EXEEOISES. 

1, Whence is citric acid derived ? 

2. Describe the tests which distinguish citric from tartaric acid. 
8. G-ive graphic formula for citric acid. 

4. How would jou detect oxalic, tartaric, and citric acids contained in a 

Uquid? 

5. Why does the presence of citric or tartaric acid prevent the precipitation of 

AI3O3 or Fe^Os ^7 AmHo? 

6. How would you separate phosphoric acid by precipitation with a magnesic 

salt from a solution containing phosphates of Al^% Fe^^, and Mn'' P 
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In order to enable the analyst to acquire a thorough mastery 
over the reactions for bases and acids, some 25 to 30 simple sub- 
stances should be analysed by the aid of the subjoined analytical 
tables, and the results recorded in the manner shown in the Ap- 
pendix. The nature of these exercises will be sufficiently indicated 
by the following examples : — 

1. Crystallised magnesic sulphate (Epsom salts). 

2. Sodic sulphite. 

3. Saltpetre. 

4. Common sodic phosphate. 

5. Potassic iodide. 

6. Potassic oxalate. 

7. Citric acid. 

8. Calcic tartrate. 

9. Sodic acetate. 

10. Calcic phosphate. 

11. Dried green vitriol. 

12. Borax. 

Preliminary to the analysis of more complex bodies, a number of 
double salts or mixtures of salts containing one or two bases, and 
one, two or more acids should be next examined, such as : — 

Ammonic ferrous sulphate. 

Common ammonium or potassium alum. 

Microcosmic salt. 

Potassic sodic tartrate (Bochelle salt). 

Dipotassic calcic ferrocyanide. 

Potassic chlorate and potassic nitrate. 

Sodic chloride and potassic carbonate. 

Potassic oxalate and potassic carbonate. 

Anmionic chloride and sodic nitrate. 

Ammonic magnesic phosphate. 

Potassic bromide and iodide, and sodic chloride. 

Complex bodies should be examined systematically and the 
results carefully noted down in the analyst's laboratory book mme- 
cUately they a/re made, and in the order indicated by the arrangement 
of the Analytical Tables. A careM preliminary examination in the 
dry way yields for the most part resultiS which are decisive of the 
nature of the substance under examination. A few simple experi- 
ments are frequently sufficient to determine, in the case of simple 
salts, the nature of both base and acid, and in that of a compound 
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substance, most bases and acids. Skill in blowpipe analysis is of 
paramount value in the analysis of well-defined minerals, as well as 
of complex mixtures. The student should, however, invariably 
control the results obtained by an examination of the solid sub- 
stance in the dry way, by a most searching analysis in the wet way. 

The exercises should be progressive, and should at first consist 
of artificial mixtures of clearly-defined composition : and lastly, of 
complex bodies, such as minerals, alloys, colours, slags, refuse- 
matter from various manufacturing processes, etc. 

The following mixtures or compound bodies may be taken as 
types of the 20 or 30 substances that should be examined in order 
to enable the student to acquire proficiency in qualitative analysis : — 



1. NAPbo", 
HgCla, 
AmCl, 
OOOao". 

2. GaClj, 
SrCl2, 
BaCls. 

3. AS2S31 
AmCl, 
NO2K0. 

4. Ammonium alum, 
Chrome alum, 
Gblena. 

5. Chrome iron ore, 

6. Type metal. 

7. Stourbridge fire-clay. 

8. OrOJBao'', 
Fe^Os, 
GaCU, 
Sulphur. 



9. BaCla, 
POHoBao", 
rOOKo 
tOOKo 

10. Ammonium alum, 
Chrome alum, 
POHoNaoa, 
Fe^Oa, 

SiO,. 

11. COBao", 
PaOaBao'^a, 
SOaBao", 
NaOl. 

12. Ultramarine. 

13. Guano. 

14. Coprolite; 

15. Material which has been 

used for purifying coal- 
gas. 

16. Alkali waste. 
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Examination op a Substance in the Wet Way. 

1st. The suhstcmce under examination is a liquid, — Examine it 
by means of well-prepared test-papers. The liquid is neutral. This 
excludes a large number of substances, since the greater proportion 
of normal salts of the metals possess an acid reaction. The liquid 
shows an acid reaction. This may arise from a free acid, or from 
the presence of a normal salt having an acid reaction, or, lastly, 
from an acid salt. Or the solution possesses an alkaline reaction, 
owing to the presence of a salt of alkaline reaction, of free alkalies 
or alkaline earths, and of cyanides or sulphides of the alkalies or 
alkaline earthy metals. 

Evaporate a portion of the liquid to dryness on a watch-glass or 
platinum foil. It leaves no residue, and may consist of pure water 
only ; or it leaves a residue ; a larger portion of the liquid should 
then be evaporated to dryness in a porcelain dish and subjected to 
a preliminary examination in the dry way. 

2nd. TJie substance under exofminaiion consists of a solid body, — 
If it occurs in large pieces, or in the form of a coarse powder, it 
should first be reduced by mechanical means to as fine a powder as 
possible. 

Natural silicates and other compounds which are decomposed with difficulty 
by acids, are finely powdered in an agate mortar and then levigated, i.e., stirred 
up repeatedly with water ; the coarser particles of the powdered substance fall 
rapidly to the bottom, and the water holding the finer particles in suspension can 
be poured off. The coarser particles must then be ground again, and made to 
pass through a fresh process of levigation, till the whole of the substance is 
obtained in an equally fine state of division. By allowing the water to stand for 
some time, the whole of the suspended particles fall to the bottom of the vessel, 
and can be separated by decantation and filtration. 

Ascertain whether the solid substance is wholly or partly soluble 
in water. This is done by boiling about a gramme of it in distilled 
water, allowing the undissolved portion to subside before decanting 
the supernatant liquid, and treating the undissolved portion again 
with boiling water as long as anything is dissolved. A drop of the 
solution, when evaporated on a watch-glass, or on platinum foil, 
should leave a visible spot. 

The aqtieous extract is set aside until the residue has in like 
manner been treated with acids. It should be tested with litmus- 
paper. 

The residue insohihle in water is next treated with dilute hydro- 
chloric acid, and heated for some time to boiling. The undissolved 
portion is allowed to subside and the clear fluid decanted. This 
operation should be repeated several times, both with dilute and 
concentrated hydrochloric acid. Boiling with HCl generally dis- 
solves out whatever is soluble, and NO2H0 has rarely to be resorted 
to. If an insoluble residue be left, treat with small quantities of 
aqua regia. Observe carefully what changes take place when the 
Hubstance is treated with acids, especially whether any and what 
gases are disengaged. 
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The residue insoluble in water and oMs should be carefully 
washed with distilled water, filtered, dried, and then mixed with 
three to four times its weight of dry GONaoj and GOKoa (fnsion- 
miztnre) and fdsed. The fusion is best performed in a platinum 
crucible, provided the insoluble residue does not contain any metals 
capable of forming alloys with platinum. This can be readily ascer- 
tained by an examination of the residue in the dry way. 

It should be borne in mind that only baric, stkontic, calcic, 

AND PLUMBIC SULPHATES ; PLUMBIC AND ARGENTIC CHLORIDES ; SlOj, 
MANY SILICATES ; NATIVE OR IGNITED AI3O3 AND ALUMINATE8 ; IGNITED 

OraOa and FejOs; chrome iron ore; SnOj (ignited or as tin- 
stone) ; IGNITED SbjOi (a FEW METAPHOSPHATES AND ARSENATES) ; 
GaFa, AND A FEW OTHER NATIVE PLUOREDES ; SULPHUR AND CARBON, 

are usually present in the residue. 

Ag4FeCy« and AgcFejCyw, AgBr, Agl, and AgCy are decomposed 
into AgCl by boiling with aqua regia. 

Solutions 1 and 2 may be examined separately, or they may be 
mixed and examined together. A separate analysis of the aqueous 
and acid extracts becomes necessary only when it is intended to 
show how the acids and bases are combined in a compound body. 

The examination of a residue requiring fusion with alkaline car- 
bonates is invariably conducted separately. The ftised mass is 
boiled with water and filtered; the powder, insoluble in water, 
containing the base in the form of a carbonate (oxide or metal) is 
dissolved in HCl or NO2H0. The aqueous extract is examined for 
acids, and the acid extract for bases. 

Alloys are dissolved in dilute or concentrated HOI, sometimes 
with the aid of platinum foil, or with the addition of a few crystals 
of potassic chlorate, and their solutions examined as usual. 

Gyam4)gen compounds are best destroyed by fusion in a porcelain 
crucible with 3 or 4 times their weight of a mixture of 8 parts of 
SOtAmoa and 1 part of NO^Amo. The metals can then be detected 
in the residue in ihe usual manner. 

Semark. — ^In order to eoonomize time, the solution of a substance should be 
prepared at the same time as the examination in the dry way is conducted, and 
whust the separation into groups is effected by means of the several group- 
reagents. The precipitates can then be well washed. Again, the time occupied 
in the eraporation 01 the filtrate from Ghroup II, and in separating Fe*^, Cr*% 
and Al'^ by means of OOBao^' in Group III, may be employed in the examina- 
tion of the precipitate produced by HCl or SHg, as well as in detecting the acidx 
in the dry and wet way. 
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GENBBAL TABLE FOR THE 



To ihe greater portion of the original solution add HCl, as 



The PBECiFiTATB may oontaia-** 



PbOlsi white 
AgCl, „ 



(Note 2.) 
Kxamine hy Table I. 



The niiTBATB (Note 8) is largely 



The FBBOIFITATB WMj oontain— 



i> 



BflrS, black 
PbS, 

Cos, 
CdS. 



J, ydlow J 



Insoluble in sodie Hydrate, 
or yellow ammonio sul- 
phide. 



brown "^ 
J, yellow 



SbaSs, orange 
SbjSf, „ 

^8^8> yellow 
AuaSsi bhvck 
PtSa» 



)> 



Soluble in sodio hydrate, 
or yellow ammonio sul* 
phiidei 



Examine by Table IL 
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EXAMINATION OF BASES. 



long as a precipitate is produced, and heat gexvtij. (Note 1.) 



diluted with water (Note 4), saturated with gaseous SHs, and gently heated (Notes 6 and 6). 

Evaporate the viltbate till free from SHf, then add a few drops of concentrated VOfKo, and 
evaporate to complete dryness. If oxalates or organic matter (Note 7) he suspected (indicated 
hy tlie hlackening of the residue), lieat to redness in a porcelain dish, but not otherwise. Treat 
the residue with, a little concentrated HCl, add water and heat, when it dissolyes either wholly or 
leaves a white residue of SiOj (Note 8). Test a small portion of the HCl solution with ammonio 
molybdate, with th.e addition of concentrated nitric tuaa. 

(A.) No precipitate is obtained, POH03 Is absent. — Add AmCl, AmHo, and SAmj, to the remaining 
portion of the solution, heat to boiling, and filter quickly ; wash well with hot water 
containing a few drops of ammonic sulphide. 

(B.) A precipitate is obtained, POHos Is present. — ^Add AmCl and AmHo in slight excess to the 
remaining portion of the solution, heat gently and filter quickly ; wash well with hot water. 
To the filtrate add SAmj to slight excess, lieat to boiling and filter. Wash with liot water 
containing a few drops of SAmj, and examine filtrates under Group lY. Transfer the two 
precipitates to a porcelain dish, and digest with a little SAma (Note 9). I'ilter off and 
wash well. Neglect filtrate (Note 10). 



(A) 

The FSBOIPITATB 

tain — 



may oon< 



AlsHofi, yellowish-white, 

gelatinous. 
GraHoe, bluish-green. 
7eS, black. 
ZnS, white. 
KnS, flesh-coloured. 
NIS, black. 
Cos, 



» 



Examine by Table III A. 



(B.) 

The PBBOIFITATB 

tain — 



may con- 



AlsHoe, yeUowisli- white, 
gelatinous. 

CrsHoe, bluisli-green. 

FeS, black. 

ZnS, white. 

KnS, flesh-coloured. 

NIS, black. 

Cos, 

Together with, the phosphates 
oi (Or) and Al, as well as of 
the alkaline earthy metals. 
(Note 11.) 

Examine by Table HE B. 



To the viLTKATB from m A. or 
III B. add AmHo and COAmos, 
heat gently (Note 12) and filter. 



The PBBCIPITATB 

may contain — 

COBao'', white. 

COSro", 

COCao". 






Examine by 
Table IV. 



SoLUnoK may 
contain— 

KffO. 

OK,. 

ONa,. 

Examine by 
Table y. 
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NOTES TO GENERAL TABLE. 

1. In case the original substance had to be dissolyed in Hydroclilorie acid, 
T] may be passed at once. 

2. In a saturated solution of a baric salt, HCl produces a white precipitate, 
soluble in hot water. From an alkaline solution HOI may precipitate SiHo^ 

(gelatinous), BH03, BzHo [and uric acid] crystalline, also SbjO^ (amorphous). 
Metallic oxides, such as AI3O3 and metfJlic sulphides, such as AjisSs, Sbi^si 
SbsSj, SnS, and S11S2, which dissolye in NaHo or SsAmj, may likewise be pre- 
cipitated on the addition of HCl, and are best examined separately. 

3. If arsenic has been detected in the preliminary examination, this filtrate, 
which may contain pentad arsenic, should be boiled with a solution of SOH03, or 
SOHoAmo, and the acid solution evaporated considerably to expel the SO). 
Ba, Sr, and Fb, when present, may be precipitated either partly or wholly, as 
sulphates. The precipitate is best examined separately. 

4. Certain oxychlorides, e.^.f of Bi, Sb, or Sn, may be precipitated on the first 
addition of dilute HCl, or water, but are readily redissolyed on the addition of 
more acid, and on gently heating ; or the precipitate may be disregarded, since 
SH3 readily converts the finely divided oxychlorides into the corresponding 
metallic sulphides. 

6. SH* often produces merely a precipitation of sulphur, owing to the 
presence of oxidizing agents, such as 01, Br, I (SOH03, NOHo), NO2H0, ClHo, 

{ OHo* I OHo' I OHo' ^^^^'^s^^' ^ o^ ferric salts. This precipitate 

is easily distinguished by its being white and remaining suspended in the solution. 
It may be neglected altogether. A brick red precipitate of PbsSOl] often comes 
down from strongly acid (HCl) solutions, if the solution has not been sufficiently 
diluted with water. Cadmium is often left in solution, if too much acid be 
present. 

6. SH] should be passed once more through the filtrate, to make sure of the 
complete precipitation of all the metals of Group II. 

7. Organic acids, e.ff., TH03, CiHo3, also sugar, etc., prevent the precipitation 
of iLl2Ho6, etc., in Group III. ^Oomp. p. 166.) 

8. It is possible that this SlO] may be mixed with other substances, 0.^., 
AlsOs, CraOs, Fe^Oa (rendered insoluble by strong ignition), SOsBao^', 
SOjSro'^ in which case it is necessary to examine it separate^. 

9. If the S Am3 were added simultaneously with the AmOl and AmHo, phos- 
phates of Fe, Mn, Zn, Ni, and Co would be decomposed into sulphides, with 
formation of POAmos, which might produce a precipitate of a phosphate of the 
alkaline earthy bases, by acting upon salts of these bases other than phosphates, 
or act as a solvent for other phosphates in the presence of AmHo. (Comp. 
p. 62.) 

10. This filtrate may contain POHos* a proof that aphosphate of the metals 
Fe, Zn, Mn, Ni, or Co was present in the original HCl solution, or, vice vend, 
that all these metals (or one or several of them) may be present. (Oomp. 
p. 62.) 

11. Small quantities of borates and fiuorides of the alkaline earthy metals 
may likewise be precipitated, together with the alkaline earthy phosphates, but 
need not be examined further, since their bases will be detected in Group IT, 
and their acids on examining in the usual way for acids. 

12. The solution must not be boiled, since the AmCl, b^ double decomposition, 
dissolves the alkaline earthy carbonates forming chlondee and ammomo car- 
bonate, which volatilizes with the aqueous vapour. 
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Table II.--SEPARATION OF 



The precipitate may oontaiii B^rS, PbSj BI^Ss, GuS, CdS, SnS, SnSt, S1^8> SbsSsi ASjSa, 

(Comp. p. do.) Wash, tlie precipitate until free £roia 



Bbsidui. — ^Wash well; boil in a little concentrated NOaHo^until all action ceases. Dilute with 
water ; add dilute SO3H03, as long as a precipitate is produced ; allow to cool and add an equal 
bulk of alcohol (meth jlated) s filter. 



REsmin. — ^Mav contain BgrSy SOsFbo'^ 
and S. Boil in amnionic acetate : 
SOsPbo^' dissolyess allow to cool 
and filter. 



SoLVTtOF. — Boil off the alcohol, add excess of AmHo ; 
boil and filter. 



Besidttb consists 
of BgrS and S, 
or of S onlj. 

Confirm by re- 
ducing the dried 
Bg^S in a bulb- 
tube with dry 
GONaos. 

Metallic mirror 
and globules. 

Presenee of Mg. 

(as mercuricum.) 



SoLUTiOK. — Add 
Gr02Xos, yel- 
low precipitate 
of CrOaPbo". 

Presence ef Pk. 



The FBECtPITATB 

consists of 

BiH(^. Bis- 
solye in a few 
drops of dilute 
HCl { evapo- 
rate nearly to 
dryness and 
add water. 
Milkiness from 
BiOCL 

Presence of BI. 



SoLTTTioir. — Acidulate slightly with 
HCl and pass SH3 ; filter off and 
wash the precipitate with weak SH3 
water. Boil with dilute SOsHos 
and filter. 



Bbsidttb. — Bis- 
solveinNOsHo; 
add slight excess 
of AmHo^ then 

K:47eCy6. Brown 
precipitate of 
Cu^eOyj. 

Presence of Gu« 



I 



Solution. — Add 
AmHo and pass 
SH3. Yellow 

Sredpitate of 
ids. 

Presence of Gd. 



yote 1. — GqS is somewhat soluble in SaAmj and Bg^S in SNag. It is therefore advisable to 

If both GuS and Bgr9 are present dissolve in 
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THE METALS OF GROUP IL 



(Au and Pt must be tested for specially in a separate portion of the filtrate from Group I). 
B.Cii boil with NaHo, or SsAms, and filter (Note 1). 



SoLimov may contain As, Sb, 8n (An and Pt) as snlpho-salts. Acidulate with dflute hydro- 
chloric add, ASsSg, S1h3i> and SnSs axe zepreapitated. Filter and wash ; digest with 
GOHoAmo and filter. 



BssiDUB consists of Sb A *^d SnS). Bissolye in boiling 
HOI. Intiodnoe into a Marsh's apparatus in which 
h jdiogen is generated by means of pure Zn and HCL 



SbHs conies off. Collect as 
metallic Sb on porcelain or 
glass and identify the de« 
posited metal by means 
of ClNao or dry HOI gas» 

Fresenee of 0b* 



The BBSiDUB in the gene- 
rating flask consists of Zn 
and Sn. 

Detach the precipitated Sn 
from the strips of lines 
wash and dusolye in a 
little concentrated Hd by 
the aid of platinmn-foiL 
Dilate with water, and add 
Sg^di. A white precipi- 
tate of BgTsCls, or of grey 
metallic Hg, is obtained. 

Fresenee of 8n* 



Solution contains JlLmSz- 
Beprecipitate by adding HCL 
Confirm the presence of As 
by reducing with KCy and 
OONaos in a bulb-tube. 

Metallio 
odour. 



mirror and garlic 



Freseneeof As. 



dissolye the precipitate in the absence of CaS with SjAm^and in the absence of BgrS with SNaf 
SsAni^ when a VMe OuS will be found in the solution. 
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Table HI A.--SEPARATION OF THE 



A. POHos Is absent. — Dissolye the precipitate from Group IIIa. in a little dilute Hd, with the 

is perceptible. Filter ofiP sulphur if necessary. Nearly neutralize solution with GONaoj ; add 
possible. Four off the clear liquid, which contains the chlorides of the metals Zn, Mn, Ni 
chlorides of Fe*'^, Al^^ and Or*^ j throw the precipitate — which contains the hydrates (and basic 
hot water. 



Solution. — Bemoye BaOlg by adding a few drops of dilute SO2H0S ; boil, allow to subside, 
and filter off SOsBao". Nearly neutralize the filtrate with CONaoj, and add pure NaHo. 
till the solution becomes alkaline ; boil and filter. 



The BOLUTIOK may con- 
tain zinc as ZnNaos. 
Add SH3. White 
precipitate of ZnS. 

Prcsenee of Zn. 



The FBEOIPITATB may contain KhHoj, G0H02 and NiHoj. Wash, 
ditSDlye in a little dilute HCl ; nearly neutralize with AmHo ; add 

COAmo ^^^ * ^^^^^ acetic acid ; pass a rapid current of 
[3 for seyeial minutes through the solution and filter. 



The BOLTJTION con- 
tains the manganese 
as acetate. 

Add AmCl, AmHo and 
SAmj. 

Flesh-coloured preci- 
pitate of KnS. 

Presence of Hn. 



Bbsidue. — Dissolye in Hd and i q^q $ nearly 

neutralize with CONaO] ; add a weak solu- 
tion of KOy, so as just to redissolye the 
precipitate first produced. Boil briskly for 
some time, allow to cool (filter off any slight 
precipitate), and add a strong solution of 
ClNao ; allow to stand for some time in a 
warm place, as long as a black precipitate 
forms, and filter. 



Pbbcif. — NI2H06. 
Confirm by heating 
a small portion of 
it on a borax-bead 
before the blowpipe 
flame. 

A yellowish to sherry- 
red bead. 

Fresenee of HI. 



The BOHTTION con- 
tains the cobalt as 

Kff^os^is* Fyapo- 
rate to dryness, and 
test a little of the 
residue before the 
blowpipe flame on a 
borax bead. 
A blue bead in both 
flan.es. 

Presenee of Go. 






j^^ 1. If no pure NaHo can beprocured, a comparatiye test should be made, by acidulating a 

predpitatine it with dilute Ba)1 and AmHo. If the amount of precipitate thus obtained 
wbetner Albe present or not in the mixture. 
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addition of ft few Boudl crystaLi of •< ^v^.' Digest ftt a gentle heat, as long as any ohloroiiB odour 

COBao'' and shake well. Allow to subside in a flask kept corked, to exdade the air as much as 
and Co, as well as BaCls, arising from the double decomposition of the GOBao'^, by the 
salts) of Fe^^ Al^^ and Cr'^ as well as the excess of GOBao'' employed — on a filter and wash with 



Pbbcipitatb. — Dissolve in dilute HCl ; remove the BaCl^ thus formed, by dilute SOjHos and 
filter. Nearly neutralize the filtrate with CONao2, and add pure NaHo (free from alumina) 
(Note 1) in excess, and boil for some time. FejHog and GFiHog are precipitated. AlsHof 
dissolves in excess of NaHo. 



Pbbcipitatb. — ^Fuse with fusion^mixture and NO3K0 on pla- 
tinum foil. Dissolve the alkaline ohromate which is thus 
formed in hot water, and filter. 



Besidub. — Dissolve in dilute 
HCl and add E4FeCy6. 

A precipitate of Prussian 
blue. 

Presence of Fe. 

Dilute and test the original 
HCl solution specially for 
Fe'' and Fe'^ by means of a 
solution of B^sOsKoj, as 
well as by means of K4FeCy8, 
K^esCyis, or CyAms. 



Solution, ycUow. Confirm by 
acidulating withj UQ-^ and 

Yellow precipitate of 
CrOaPbo". 

Presenee of €r. 

Test the original substance 
specially for GraOs and 
GrOs, by boiling a small 
portion with GONaoj. The 
filtrate contains the ohro- 
mate, and the residue the 
GraOj. The latter may be 
converted into a soluble 
alkaline chromate by fusion 
with GONaoj and NOjKo. 



Solution. — ^Acidulate with di- 
lute HCl and add AmHo 
in slight excess. 

White gelatinous precipitate. 

Presence of AL 



quantity of sodic hydrate, about equal in bulk to that employed for redissolving the alumina, and 
Dom the reagent alone, at all equals that of the AlaUoe precipitate, it must remain doubtful 
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Table III B,— SEPABATION OF THE 



B. POHot is present. — DIbboIto tlie precipitate obtained aocording to the diieofeioiiB giyen in 
I OKo* ^ ii^^'osflaiy. Digest st a gentle heat, as long as anj chloroxis odour is perceptible. 

metals Zn, Mn, Ki, Co, Al^^ Cr*^ Fe% as well as phosphates of Cr'^ Al>^ Ba, Sr, Oa» and 
COHo '^ ^^^^ " * precipitate is produced. Heat gently, and filter hot. 



The BOiiVTioir maj contain the chlorides of M, Cr> Zn, Mn, Ni, Oo (Ba, Sr, Oa» Mg), as well as 
the phosphates of the alkaline earthj metals. Add Fe^Ole (Note 2), drop by dbrop, as long 
as a precipitate forms and tOl the colour of the supernatant fluia becomes red. The re- 
maining phosphates of the alkaline earthy metals are thus decomposed. Digest ibr some time 
at a gentle heat j allow to subside and filter hot. Wash with hot water. 



The BOLtrrioir eontains now only chlorides — ^possibl^ of all the metals of 
Gboup III> as well aa of the metals of the alkahne earths — ^the whole 
of the phosphoric acid having been eliminated. Add AmCl, AmHo 
and SAmj. A black precipitate is obtained. Filter. 



iSoLUTioir. — ^Add COAmoj. 



A white FBBCIFITATB 

which may be— 
GOBao^ 
COSro", 
COCao". . 
Examine by Table IV 
(without, howeyer, 
mixing it with the 
precipitate obtained 
in Group IV). 



SoLUTioir may contain 
Mg. Add 
POHoNaos. 

White oiystalline pre- 
cipitate. 

Fresenee of Mg, 

(as phosphate.) 



Examine fbboipitatb 
according to Table 
niAforCo,Ni,Mn, 
2^ Al and Cr. 

Test a portion of the 
original substance, 
disBolyed in water or 
HO, for Fe^' and 
Fe»^ 



The PBBCiPiTATB con- 
sists of P^OsFeso^ 
and ferric aeetata 
Ifeglect. 



Note 1. — ^Test a portion of this hydrochloric acid solution with ammonic molybdate for 
Oa, Mg, were originally present, but only phosphates of Ni, Oo, Mn, Zn and Fe, decomposable by 

Note 2.-^11 PCsClc produces no further precipitate with a portion of the acetic acid solution, 
dissolution of FeS in nCi being frequentiy sufficient to decompose the whole of the phosphates 
Ca and Mg. In this case no ferric salt need be added to the mam portion of the solution, and the 

Note 8.— Instead of fusing with SIOs and OONaot, tiM presenoe of PsOsAlfe^ (^fifir^fil^ 
with NaHo, which dissolyes PaOtAlgO^ and deoomposes the fexrio phosphate, with formatioa of 
reprecipitated. 
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the Gkneral Table under Group III B., in dilute HCl, with the addition of a few crystals of 
Filter off Bulphur, if necessary (Note 1). The solution may nonif oontfun the chlorides of the 

Mg. Nearly neutralize with a dilute solution of CONaOf ; then add a solution of -j |«Q^g^ 



The PEECIPITATB may consist of PaOaFejO**, PjOaAlaO^ flWote 8), PjOjOrjO^. Dry on the 
filter. Fuse in a platinum crucible with SiOj and pure fusion mixture, together with a little 
NO3K0. Dissolye in hot water, add COAmos ; digest, allow to subside and filter. 



Besidtte may consist of SiHo4, SIsOsFcsO^, SisOsAljO^ and Fe^Hoe- 
Acidulate with HCl ; eyaporate to dnniess and ignite gently. Extract 
with a few drops of concentrat-ed HCl and hot water. Filter. 



Solution. — Nearly neutralize with CONaoo, and 
add pure NaHo in excess. Heat and filter. 



Besidtte. — ^FeaHog. 
Confirm by dissolv- 
ing in HCl and 
adding CyAms. A 
blood-red colour. 

Fresence of Fe 

{as phosphate). 



SoLTTTiON. — Acidulate 
with dilute HCl and 
add AmHo in slight 
excess. 

A white gelatinous pre- 
cipitate. 

Presenee of Al 

(as phosphate). 



Besidub SiOj. 
Neglect. 



( 



SoLimoN. — Add 
COHo "^^ 

CO y»^°^ • 

Yellow precipitate. 
Fresence of GrOg, and 

therefore 

Presenee of Gr. 
(as phosphate). 

A white precipitate of 
PjOaFbo^'a indicat- 
ing the presence of 
POHoi» may be neg- 
lected. 



phosphoric acid. The absence of a yellow precipitate proyes that no phosphates of Al, Cr, Ba, Sr, 
SAm2. Proceed, therefore, to examine the solution at once by Table IIIa. 

it is obyious that no phosphates of the alkaline earthy bases toe left, the FejCl^ deriyed from the 
of the alkaline earthy metals in an acetic solution into ferric phosphate and chlorides of Ba, Sr, 
examination of the filtrate may at once be proceeded with accoiding to Table IIIa. 

i8_rarely met with) may also be ascertained by boiling the precipitated phosphates of Fe and Al 
~Toe. Filter. loidulate the filtrate with dilute HCl; add AmHo, when PaOaAljo^ is 



SKPAKATION OF THK METALS OF 6B0DP IV. 



.1 


1] 


i 


ll 


1| 

iln 


■J 

2 

1 
li 

e1 




11 

11 


"Pii ^ 


it 


p?5 


«l 


£ 


ii 

.s- 


ll 

1l 


1 


ail 


41 i 








f 


111 


jiii 


°ii 


. 




ill 


1 




ill 
111 


1 


i 


8|a 


=° 


1 


r-1 


311 


1 


Ii 


««.' 


* 


ill 


1^ 




i|i 




1 


II 





SEPARATION OP THE HETAI3 OF GBODP V. 




.liii,ii 



194 EXAMINATION FOR ACIDS. 



' EXAMINATION FOR ACIDS. 

Before proceeding to the ezaminatiom for acids, the analyst will 
do well to consider carefully which acids can possibly be combined 
with the bases present. A perusal of the Table of Solubility of 
Salts, given in the Appendix, will materially aid him, and will pro- 
bably save him much labour and time. 

Some acids are detected on examining for bases, viz., A820s, 
ASjOs, Si02, and POH03 in combination with metals of Group 111 
and IV, CrOaHoa, CO2, SH^, SOHo,, SSOHo,, ClHo, NOHo, tlie 
six lastly mentioned acids on dissolving the substance in dilute HCl, 
or on adding HCl in Group I. 

A careful preliminary examination for acids will probably lead 

to the detection of a further number of acids, e.^., of HI, ^ Qpr r 

^^''' { OHo' ^^ I OH ' NOaHo, (NOHo), HCl, (ClHo), HF, 

HCy, EUFeCy., H.Fe.Cy JcyHo a.d CyHs, { %f^^ and { ggg. 

The presence of other organic acids is likewise indicated. When 
more than one of these acids is present, the detection is somewhat 
more difficult, and the results obtained by a preliminary examination 
for acids require to be carefully confirmed by the examination of the 
solution. Thus a chloride in the presence of a nitrate, when 
treated with concentrated SOaHoa, evolves chlorine and red fames 
of lower oxides of nitrogen ; in the presence of a chromate, brownish- 
red fumes of CrOaCla. HgClj, HgjCl,, or SnCl4 does not evolve 
HCl when treated with SO3H02. Polysulphides, when treated with 
HCl, evolve SHj, with separation of sulphur. BOg and SH,, when 
evolved simultaneously, destroy each other, etc. 

When the preliminary examination gives no distinct indication 
of the presence of any of the acids just mentioned, SOgHos, BHos, 
POH03, SiOa will have to be looked for. 

The analyst will have to bear in mind that acids cannot be 
detected in the same systematic order as bases, and that he ought, 
therefore, never to be satisfied till he has confiimed the presence of 
ncids by the most characteristic special tests. 
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Preparation of Solutions for Acids, 

Great care onght to be bestowed npon the preparation of the 
solutions required for the examination of acids. On boiling a por- 
tion of the substance under examination with OON'ao2 nearly all the 
metals other than alkalies are precipitated in the form of carbonates, 
basic carbonates, or oxides. 

(It is necessary to decompose the salts first in order to prevent the precipita- 
tion by the several reagents employed for the detection of acids in the wet way, 
€.g., ot Ba, Sr, Oa, or Pb, on the addition of SOsOao'' or SO^Mgo'' ; of Ag, 
'Hg^s or Fb, by SaCls or CaCla; of Fe and others by AmHo, etc., etc.) 

The precipitate produced by GONaos (which reagent ought to 
be added in the least possible excess) is filtered off, and the filtrate 
tested with a few more drops of GONaos. If no further precipita- 
tion takes place, the solution is heated to boiling, and 

1. Dilute HCl added to a portion of it, as long as GO2 is evolved, 
and till the solution is rendered distinctly acid. 

(Small quantities of SOaNaoj and NaCl are almost invariably contained in 
the commercial CONaoj ; it is therefore necessary to test a portion of the 
aqueous, or HC^ solution of the substance, prepared without the intervention of 
C0Nao2, for SO2H03 by means of SaCl2. A nitric acid solution of the original 
substance is in like manner tested for HCl by adding WOsAgo.) 

2. Another portion of the alkaline filtrate is rendered acid by 
means of dilute NO2H0 and boiling. 

{CH 
COTT » 

and lastly — 

4. A fourth portion of the alkaline solution is earefvlly neu^ 
iralized by first adding dilute NOjHo, drop by drop, and boiling, 
as long as GO2 is evolved^ and till the solu^on is distinctly acid to 
test-paper : then by adding a few drops of very dilute AmHo, till 
the solution gives a neutral reaction with blue and red litmus- 
papers. The strictest attention should he paid to these directions, and 
the least possible excess of either acid or alkali should be employed, 
since the precipitation of several acids is prevented by the. formation 
of an ammonic salt in anything like large quantities, on account of 
the formation of a soluble double salt, e.g., ammonic calcic tartrate, 
ammonic calcic citrate, etc. 

If the preliminary examination for bases has shown the presence 
of ammonic salts, it is necessary to decompose them by boiling with 
caustic NaHo, before preparing Solution IV. 

Ebullition or fusion with GONao2 decomposes the phosphates of 
the alkaline earths but very imperfectly, and the phosphoric acid so 
combined is invariably detected by means of Mo02Amos. (Ck>mp. 
Table III B.) 

If organic acids are present in combination with heavy metals 
(viz., those of Groups I and U), 8H2 should be passed through the 
slightly acid (HCl) solution and the precipitate filtered off. The 
solution is freed from SHs by boilmg, then rendered slightly 
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alkaline by means of a few drops of NaHo and tested by means of 
GaOIa (ammonic salts shonld be carefully avoided). 

No farther notice need be taken of the following acids : GOa, 

{CTT 
OOHo* ^^^^ ^^7 ^*^ ^ detected with 

certainty by a preliminaiy examination^ and as they would, for the 
most part) be lost on acidulating the solutions. 

PoBTioN Acidulated with HCl. 

SO2H02. — On the addition of BaCla a white precipitate, insoluble on 
boiling. 

SiHoi. — On the addition of AmCl or GOAmoa a gelatinous pre- 
cipitate, requiring no further confirmation, since SiOs is left 
on evaporating the filtrate from Ghx)up II with NO2H0. 

H^FeCye. — On the addition of FeaCle a deep blue precipitate. 

SOaFeo" light „ 

HeFeaCyu. — „ „ „ dark deep „ „ 

„ „ FOaCle a brown coloration only. — If 

both acids are present, filter off, after adding FeaCU, and 
observe the colour of the filtrate. On the addition of SnCla, 
or SOHoa, to the filtrate, a blue precipitate is immediately 
obtained, confirmatory of the presence of HeFcaOyn. 

CyHs. — PeaCle produces a blood-red coloration, which is destroyed 
by HgCla and not by HOI (the red colour which acetic acid 
imparts to a solution of FejOU is destroyed by HOI). 

2HF,8iF4. — On the addition of BaOla a gelatinous translucent 
precipitate of BaFa,SiF4 is obtained, which is decomposed by 
strong acids. Oonfirm by heating the precipitate, when 
volatile SiF4 is given oJQT. AmHo precipitates gelatinous 
SiHoi with formation of AmF, BaFa and OH3. 

Portion Acidulated with NOaHo. 

HOI. — On the addition of NOaAgo a white curdy precipitate, 
soluble in AmHo. For the distinction between hydrochloric 
and chloric adds comp. p. 121. 

HBr. — On the addition of inOaAgo a yellowish-white precipitate, 
difficultly soluble in AmHo. Confirm by adding chlorine 
water to the original solution, and shake up with ether. 
Bromine dissolves to a yellowish-red liquid. 

{ORr 
QXT . — On the addition of NOaAgo a white amorphous precipi- 
tate, little soluble in water and dilute NOaHo^ easily soluble 

{OBr 
Q . may be separated by wash- 
ing with water. Argentic bromate being soluble may bo 
detected in the solution by the addition oi SOHoa, when a 
precipitate of AgBr is obtained. 

For the distinction between JSBr and HCl^ oomp. page 125. 
HI. — On the addition of NOiAgo a yellowish white precipitate, 
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scarcely soluble in AmHo. Confirm by the bine colonr im- 
parted to starch paste by the iodine liberated by N2O3 gas. 

I OHo* — ^^ *^® addition of NOaAgo a white precipitate of s q a » 

sparingly soluble in dilute NO2H0, soluble in AmHo (Agl 
is insoluble), whence Agl is precipitated on the addition of 
SOQoa. On adding acetic acid to a mixture of an iodide 
and iodate the former is instantly decomposed, iodine being 
set free, — ^most readily recognised by the delicate iodide of 
starch reaction. 

Distinction between HGl and HL — HCl in the presence of 
HI cannot be distinguished in the same ready manner as 
HCl in the presence of HBr. The two acids are preci- 
pitated by NOaAgo. The precipitate is digested with AmHo 
and filtered, Agl being insoluble in AmHo. Dilute NO2H0 
reprecipitates white AgCl from the filtrate. 

Distinction between HCl, HBr, and HL — Precipitate the 
HI as Ouala by means of SOjCuo" and SOjFeo" or SOH02, 
and filter. Remove the cupric and ferric salts by a little 
pure NaHo, evaporate the filtrate to dryness, and examine 
for HCl and HBr by testing one portion for HCl with 
GraOsKoa and SO2H02, and another for HBr by chlorine- 
water and ether. 
HCy. — On the addition of NOaAgo a white curdy precipitate, 
soluble in AmHo and alkaline cyanides. 

In order to distinguish HCy in the presence of HCl, filter 
off precipitate, wash well, and ignite in a porcelain crucible 
to red heat. Dissolve the metallic Ag left by the decom- 
position of AgCy with a little hot NO2H0, and test the 
clear solution with HCl. A curdy white precipitate indicates 
HCy. Confinn also by the reaction with ferroso-ferric salts, 
KHo and HCl in a fresh portion of the solution. 

Distinction between HCl, HBr, HI, and HCy. — Test 
specially for HCy, before proceeding to the examination of 
the other acids as described, by treating a small quantity 
of the mixed salts in a porcelain dish with very dilute 
SO2H0S, and causing the evolved HCy to act upon a drop 
of N02Ago, or a little S2Am2, contained in a second por- 
celain dish, inverted over the one containing the mixed 
^ salts. A white precipitate of AgCy is obtained; or the 
CyAms which is formed gives a blood-red colour with ferric 
saJts, affording equally conclusive evidence of the presence 
of HCy. 
CyHs 1 
HiFeCVe > are likewise precipitated on the addition of N02Ago, 

HeFeaCyuJ 

and are insoluble in dilute NO2H0. The first and second 
form salts which are insoluble in AmHo, whilst AgeFe2Cyn 
is readily soluble. These acids are, however, best detected in 
the portion acidulated with HCL 
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No other cyanogen compound but a cyanide giree off HCj when 
treated with yeiy dilute SO2H03, and it is therefore possible also to 
cUstinguish HCj in the presence of CjHs, C7H0, H4FeC76> HeFejCju. 



Portion Acidulated with i noHo* 



( 



HF. — On the addition of GaClt a white gelatinons precipitate. 
SOsHoa is likewise precipitated by GaCU in an acetic acid 
solution ; it is therefore necessary invariably to test specially 
for HF, by etching on glass, 

I COH^* — ^ ^® addition of SOaCao" a white precipitate of 
< Qr\Oax)" is obtained, which on ignition leaves OOCao", 

soluble with effervescence in < noHo * (^*^^^ fluoride is not 

affected.) 

CrOsHoa. — On the addition of plumbic acetate a yellow precipi- 
tate. 

POHos. — On the addition of FeaCl^ a yellowish-white gelatinous 
precipitate from a solution of a soluble phosphate, or a phos- 
phate decomposable by boiling with CONaoa. Arsenic acid, 
if present, should be first removed by means of SH2. 

Portion Rendered Neutral. 
TH03. — On the addition of CaClt a white precipitate, soluble in 
AmClor coldKHo.— SO,Hoa, | qq^^, HF, POH03, AsOHoh, 

BH03, SiHo4, CO2, S0Ho2, are likewise precipitated by GaCls 

from a neutral solution, and THoj can obviously be detected 
only by further special tests in the presence of any of these 
acids. The most characteristic reaction consists in warming 

some TAg02, dissolved in very little dilute AmHo, in a water- 
bath, until a bright mirror of metallic silver is obtained on 
the sides of the test-tube. 

CiHoa. — On the addition of CaCla no precipitate is obtained till 
excess of AmHo, or CaHo2, has been added and the solution 
boiled. 

The detection of tartaric and citric acids — indicated during 
the preliminary examination by a strong odour of burnt sugar 
— requires great care and strict attention to the few points of 
distinction which exist between them. The precipitate pro- 
duced by GaCl2 in the cold should be filtered off, and the 

filtrate tested for CiHos, by adding a drop of AmHo and 
boiling, when a fresh precipitate of calcic citrate is obtained. 

CiAgOs dissolved in dilute AmHo, forms a less lustrous 
mirror, and only after boiling for a long time. 
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BH03.— CaOf prodaoes from a ooncentrated solntioii of a borate a 
whitish precipitate soluble in AmCl. Boric acid is also indi- 
cated in the preliminary examination by the swelling np of 
some of its saline compounds, and the precipitation of a con- 
centrated solution of a borate with concenb:>ated SOsHoa or 
HCl. 

More delicate, however, is the reaction which boric acid 
gives with turmeric paper, and the colour which boric fluoride 
imparts to the flame. (Comp. page 131 and 142.) 

BzHo. — On the addition of PegCU a pale yellow precipitate. Con- 
firm by the reactions which a benzoate gives in the prelimi- 
nary examination, since a precipitate of FesHoe is frequently 
mistaken for ferric benzoate, owing to imperfect neutraliza- 
tion. 

SuHos. — On the addition of FOsCU a reddish brown precipitate. 

For the distiiiction between benzoic a/nd stuxinic acids, com- 
pare page 163. 
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REACTIONS OF THE BARE METALS. 

Metals are termed rare when they occnr in natnre to a limited 
extent) and, for the most part only, in certain minerals, and in 
certain localities. Some of the heavy metals, possessing veiy little 
aflinity for oxygen, snch as Palladium, Rhodium, Osmium, Ruthe- 
nium, and Iridium, are fonnd native, and associated with the native 
metals Platinum, and &old. Others are fonnd in combination with 
oxygen, snch as Titanium, Uranium, Tantalum, and Niobium ; with 
sulphur or arsenic, snch as Tungsten or Wolfram, Molybdenum, 
Vanadium, Thallium, and Indium. 

Others, especially the rare metals nsnally classified among the 
so-called light metals, having a specific gravity for the most part of 
less than 5, and yielding insolnble oxides which are mostly specifi- 
cally heavier than their metals, snch as Glucinum, Zirconiqm, Tho- 
rium, Cerium, Lanthanum, Didymium, Yttrium, Erbium, are chiefly 
met with in natnre as oxides, in combination with silica (sometimes 
combined with titanic, niobic, and tantalic acids) ; and lastly, the 
rare metals of the so-called alkali gronp, whose oxides possess the 
most prononnced basic character and are solnble in water, snch as 
Lithium, Rubidium, and Caesium, are chiefly met with as salts, — 
carbonates, phosphates, or silicates — ^and in a solnble condition, in 
sea- water, or in certain mineral springs. 

The rare metals cannot be stndied with advantage, withont 
taking into acconnt their mineralogical associations ; and, as many 
of them have as yet been imperfectly investigated, they present 
difficnlties, to. be overcome only by careful attention, not merely to 
the distinctive analytical features, bnt to their general chemical 
history. 

The following is the analytical position assigned to these metals 
by the various group reagents : — 

Group I. Frecipitated by HGl : — Tungsten, as tungstic acid ; 
niobium, as niobic acid ; thallium, as chloride ; 
(tantalum, as tantalic acid, and molybdenum, as 
molybdic acid, are soluble in excess of HCl). 

Gronp II. Frecipitated by 8Ht, from a HOI solviion^ as suU 
phides: — 

(A.) Insoluble in yellow ammonic sulphide: — 
Palladium, rhodium, osmium, and ruthe- 
nium. 
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(B.) Soluble in yellow ammonic sulphide : — Gold, 
platinum, iridium, molybdenum, tellurium, 
and selenium. 
Group III, Precipitated by AmGl^ AmHo, and 8Am%: — Ura- 
nium, indium (thallium), as sulphides ; glucinum or 
beryllium, thorium, zirconium, cerium, lanthanum, 
didymium, yttrium, erbium, titanium, tantalum, and 
niobium, as hydrates. Vanadium, precipitated as 
sulphide, on adding HCl to the filtrate. 
Group IV. None. 
Group V. Lithium, caesium, and rubidium. 

METALS OF THE ALKALIES. 

The alkali metals. Caesium, Rubidium, (potassium, sodium,) and 
Lithium are remarkable for their highly electropositive character, 
the powerfcd alkaline nature of their oxides, and hydrates, and the 
very general solubility of their salts. Caesium appears to be the 
most highly electropositive member, whilst lithium shows the least 
electropositive character. They exliibit analogous gradations in 
their respective combining weights, fusion points, specific gravity, 
action upon water, and the solubility of their carbonates, thus : — 



Caesium. Bubidiam. 



Atomic weights 183 

Fusion-points. . — 

Specific gravity 1 

atl5°C. .. J 

Action of the! Decomposes 
^»4-«i. ^^^-r, L water in the cold, 
metals upon V ^^e hydrogen he- 
water J coming inflamed. 

SolubiHty of! COOsoa 
the respectiTe > ^ 



85-5 
38 -5^ 0. 

1-516 

Do. 
CORbos 



Potassium. 
39-1 
62 -5° C. 

•865 
Do. 



COK03 

J 



Sodium. Lithium. 
23 7 

96° C. 180° 0. 

•97 -59 

Do., but does Do., but 

not generally with less 

inflame the yiolence. 

hydrogen. 

CONaoa COLioj 
Not Difficultly 
deliquescent, soluble in 
water. 



carbonates . . J Highly deliquescent, absorbing 

water speedily from the air. 

Lithium, in fact, appears to form the connecting link between the 
alkali metals, and the metals of the alkaline earths. This is shown, 
more especially, by the comparatively insoluble nature of its phos- 
phate and carbonate. 



REACTIONS OF THE RARE METALS OF THE 

ALKALI-GROUP. 

1. CAlEBlVWt Gs. Atomic weight, 183. — Occurs in very small quantities in 
many mineral waters, as Chlobidb, and in a few minerals (Lepidolites) ; in large 
quantities in the rare felspathic mineral Follux, found in Elba, said to contain 
34 per cent, of Caesia. 

Both caesium and rubidium were discoyered by Bunsen and Kirchhoff in 
1860, whilst examining spectroscopically the saline residue left on evaporating 
large quantities of the DUrkheim mineral water. The metal caesium has not 
yet been isolated, but has been obtained in the form of an amalgam. The 
hydrate, CsHo, is very soluble, both in water and alcohol, and very strongly 
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alkaline. The carbonate, OOCSO3, reBembles potassic and rubidio carbonate, 
but is soluble in 5 parts of boiling alcohol. (Distinction vbom OOKos and 

CORbOs, WHICH ABB IN80LUBLB IN AlCOHOL.) 

BEACTIONS IN THE DBT WAY. 

When heated on platinum wire, in the inner flame of the blowpipe, volatile 
caesium salts impart an intense sky-blue colour to the outer flame. (Hence 
the name of the metal, from caesius, sky blue.) When examined with the aid 
of a spectroscope,* principally two intensely sky-blue lines, Csa and Cs/S, close 
upon the strontium line, Sr^, are seen (together with various other less distinctly 
visible lines in the orange, yellow, and green). 

BBACTIONS IN* THB WBT WAY. 
USB A SOLUTION OP CABSIO ChLOBIDB, CsCl. 

PtCli (Platinlc chloride) produces a liffht yellow crystalline (octahedral) 
precipitate of the double chloride of caesium and platinum, 2CsC^ 

PtCl4, very difficultly soluble in boiling water — '377 parts in 100 of water. The 
corresponding potasaic platinlc chloride is dissolved by repeated treatment with 
boiling water. 

TH03 (tartaric acid) produces^ a colourless transparent crystalline precipi- 
tate of hydrlc caeslc tartrate, THoCso ; about 8 times more soluble in water 
than the corresponding rubidium salt. 

Method of Separation of Cs from Rh. — SnCl4, added to a solution of the 
chlorides of Na, K, Li, Rb, and Cs, containing free HCl, forms a heavy white 
precipitate, consisting of nearly pure caesic stannic chloride, 2CsCl,SnCl4. By 
recrystallization from a hot hydrochloric acid solution, the crystals are obtained 
pure. This reaction affords an easy method of detecting caesium in a mixture of 
the alkaline chlorides. 

* When elements in the gaseous condition, or vaporized by strong ignition, 
are analysed by means of the spectroscope (for a description of which we refer 
the student to Roecoe or Schellen on the Spectroscope), they may be dis- 
tinguished from each other by the respective spectra which they give. The in- 
tensity of the spectra of metallic elements is so much greater than that of the 
non-metals, that the latter are only rarely seen. The heat which can be pro- 
duced by a good Bunsen gas burner is not strong enough to volatilize all elements, 
or to heat their vapour highly enough. Most heavy metals can only be 
volatilized by means of an electric spark, making use of an induction coil, by 
placing the galvanically precipitated metals between the electrodes. In order to 
analyse the ordinary gases spectroscopically, the spark is passed through the 
gases confined in Geissler tubes. 

It is usual to employ the spectroscope only for the examination of those 
metals, or metallic compounds, which can be volatilized by means of the gas 
flame from a good Bunsen burner, such as the alkali metals, sodium, potassium, 
rubidium, caesium, lithium; the alkaline earthy metals, barium, strontium, 
calcium ; and the heavy metals, thaUium and indium. The compounds most 
suitable are the chlorides, nitrates, chlorates, perchloratos, and carbonates of 
these metals. A small portion is placed on the loop of a thin platinum wire, 
introduced into the non-luminous portion of the flame, and the spectrum 
examined. The different elements are distinguishable by their respective colours, 
as well as by the position, which their lines occupy in the continuous solar 
spectrum. Tlie lines are not all of the same intensity, and therefore not equally 
available. 

It is only by employing larger quantities of pure substances, and heating 
them very intensely, that many of the less prominent lines can be observed. 
The accuracy of the reactions is, however, so great that we can discover in this 
manner the merest traces of these elements, and are enabled to disentangle 
mixtures thereof, without actual separation. Spectroscopic analysis constitutes, 
in fact, a most valuable auxiliaiy to chemical analysis. 
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2. KUBIDIUHy Bb. Atomic weight, 85'5. — Occurs widely diffVised in 
nature, although only in very small quantities, in a large number of minerals, in 
LepidolUea and in mineral waters, likewise in the ashes of many plants, such as 
tobacco, coffee, beetroot, &c. The metal is obtained, like potassium, by heating 
the carbonate with carbon. It is white, more easily fusible and convertible into 
yapour than potassium, and takes fire spontaneously in air. Its oxide, rubidia, 
0E.b2, is a powerful base, and its salts, like the corresponding caesium salts, are 
isomorphous with those of the metal potassium. The hydrate, BbHo, is strongly 
alkaline, and very soluble in water and alcohoL The carbonate, COBboj is a 
deliquescent salt, insoluble in alcohol. 

BEACTIONS nr THE DEY WAT. 

Volatile rubidium salts, when heated on a platinum wire in the inner blow- 
pipe flame, colour the outer flame dark red (hence the name rubidium, from 
ruhiduSf dark red). When examined spectroscopioally, two dark red lines, 
Kb8, and Bby, on the extreme left of the solar spectrum and close to the potas- 
sium line, together with two distinctly Tiolet lines, and seyend weaker lines 
in the yellow, readily distinguish rubidium compounds. 

BEACTIONS IK THE WET WAY. 

A SOLUTION OE BuBiDic Chlobide, £bCl is employed. 

PtCl4 (platlnic chloride) produces a light yellow crystalline (octahedral) 
precipitate of rulildlc platlnic chloride, 2Eb01,PtCl4, yery difficultly soluble 
in boiling water. The solubility of the double chlorides of platinum and potas- 
sium, rubidium, or caesium is respectively as 5*18, *634, and *377 in 100 parts of 
boiling water. (Method of Separation of Kfrom Rh and Cs.) 

THos (tartaric actd) yields a white precipitate of hydrle ruhldlc tar^ 

trate, THoBbo, which is less soluble than the corresponding caesium com- 
pound. 

Separation of Caesium from Rubidium. — ^The several platinum salts are first 
prepared ; and after having been gently heated in a current of hydrogen, the 
CsGl and BbCl can be separated from the metallic platinum b^ hot water. The 
two chlorides are next converted into carbonates, by digestion with COAgos. 
The solution can then be evaporated to dryness, and the OOOsoj extracted with 
boiling alcohol, COBboj being insoluble. Or the carbonates may be converted 
into acid tartrates, by adding to the solution twice as much tartaric acid as is 
necessary to neutralise it. The two tartrates are separated by fractional crystal- 
lisation, hydric rubidic tartrate crystellising out first, being about 8 times more 
insoluble in water than the hydnc caesic tartrate. On ignition, the pure tar- 
trate yields again the caxbonate, from which the various Balt». may then be 
prepared. 

8. lilTHUJlH, Li. Atomic weight, 7. — ^Appears to be widely diffused in 
nature, although it is found, in anything like quantities, only in a few silioates, 
especially in lithia mica or lepidolite (2 to 6 per cent, of Li), in petaUte and 
spodumene, and in a few phosphates, such as triphylUnCf or ferrous [man- 
ganous] lithic phosphate, 8P203Feo''8} POLiog (with 3 to 4 per cent, of Li), and 
amblygonite (6 to 9 per cent, of Li). It has also been found in many mineral 
springs — most abundantly as vet in a mineral spring in Cornwall — in sea- 
water, in the ashes of various kinds of tobacco, and other plants, and in some 
meteorites. 

The metal lithium is much less oxidisable than potassium and sodium. It 
makes a lead-grey streak on paper. When freshly cut, it has the colour of silver: 
but it tarnishes quickly, on exposure to the air, becoming slightly yellow. It is 
harder than potassium and sodium, but softer than lead. It floats on rock oil, 
and is the lightest of all known solids, its specific gravity being only *69. It 
decomposes water at the ordinary temperature, with evolution of hydrogen, 
forming lithic hydrate, LiHo, but does not melt, and it ignites in air only far 
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ftboye its melting; point (180^ C). The oxide, OLi^ is not deliquescent. The 
metal is prepared by passing a powerful galvanic current into fused lithic 
chloride. 

BSACTIONS IK THE DBT WAY. 

Lithium salts are more fusible than potassium or sodium salts, and impart 
a very distinct carmiiie red colour to the blowpipe flame, when heated on 
platinum wire. An excess of potassium salt does not materially interfere with 
the production of this colour j but the presence of a small quantity of soda gives 
rise to a yellow flame. By means of the spectroscope the occurrence of veiy 
minute traces of lithium may be readily detected by a brilliant crtmaon band, 
Lia, between the lines B and 0, and sometimes a £unt yellow line, if the flame 
of a good Bunsen burner be employed. 

BBACnONS IN THB WBT WAY. 

Wb bmploy a SOI.UTION OB LiTHic Chlobidb, LiCl. 

FtCl4 produces no precipitate. 

POHoNaos (taydric ditodlc pbospliate) — but not the corresponding 
potassium salt — produces on boiling a white precipitate of lithle photpluite, 
2POLio3 + Aq, very little soluble in cold water, soluble in HOI, and reprecipi- 
tated only, on boiling, after neutralisation with AmHo. 

lilttaic Carbonate, especially after haying been fused, is difficultly soluble 
in cold water, hence alkaline carbonates yield from concentrated solutions of 
lithium salts a crystalline precipitate of lithic carbonate, OOLio, (1 part of the 
carbonate requires 100 parts of cold water for its solution, but less of boiling 
water). It is insoluble in alcohol. 

Hydric lltMe tartrate is soluble. 

liitliic tillcolluorlde is almost insoluble. 

Separation of Lithium, — ^From potassium, as well as caesium and rubidium, 
it may be separated by means of PtCl4. From sodium, by converting the two 
alkalies into the chlorides, evaporating to di yness, and treating the dried chlo- 
rides in a stoppered bottle with a mixture of ether and absolute alcohol. In the 
course of a few days the LiOl will be found dissolved out, KaOl (like £01) being 
insoluble in absolute alcohol and ether. 

Bemark, — The student will now have no difficulty in constmct* 
ing a table for the separation of these five metals. 

EzTBAOTiOB OF LiTHiiTM BBOM Tbiphyllinb. — DisBolvc the powdered ore 
in HCl, with a little NO3H0 (in order to convert Fe^' into Fe*^), neutralise with 
AmHo, when T^^Ve^"^^, and PjOsMno^'s, are precipitated. The solution, on filter- 
ing, may contain some more phosphoric acid, which may be removed by adding 
SBa, and filtering off the precipitated POHoBaog. On removing the excess of SBa, 
with a few drops of SO3H03, and evaporating the filtrate, and driving off the 
ammonium salts by gentle ignition, lithic chloride is left. The hydrate may be 
prepared from this by evaporation with sulphuric acid (so as to obtain SOjLio^, 
and addition of BaHo2, and filtering. The excess of BaHo^ is next cautiously 
removed from the filtrate by means of SO3H03. On evi^ration, white crystal- 
line, starongly alkaline, lithic hydrate, liHo, is left. 
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GROUP III. 

Group III comprises the Bato Metals Uranium, Indium (Thal- 
lium), Glucinum, Thorium, Zieconium, Cerium, Lanthanum, Didt- 
mium, Titanium, Tantalum, Niobium, Yttrium, Erbium^ and Vana. 

DIUM. 
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In considering the reactions by which these rare bodies may be 
recognized, we cannot do better than avail ourselves of the classifi- 
cation which nature itself has traced out in the groups of rare 
minerals in which they occur. As it is extremely difficult to com- 
mercially obtain any of their salts in a pure state, and as the price 
charged for them puts them out of the reach of most students, it 
will be preferable to sketch out briefly, also, how the minerals them- 
selves can be made to fnmish the several salts, when once the 
mineralogical character and locality of the minerals have marked 
them out as likely to contain any rare metals. 

(A.) JBare metals preci/pitated by the grov/p reagents AmCl, 
AmHo, and SAm2, m the form of oxides (hydrates). 

Besides the metals aluminium and chromium, already treated of 
in the main portion of the book, there are : — 

1. GliVCINVni (Beryllium) W (or Be"). Atomic weight, 9-4.— This metal 
occurs only in a few minerals, and is found, yery locally, as a Silicate, in 
phenacitey SiGlo2 (45 per cent, of GIO), combined with aluminic silicate; in 
betyly SieOgAljO^JQlo^s (13'8 per cent, of (}10), and in amaragdite, in euclctse, and 
some other rare minerals, such as leucophane. 

The metal is prepared, like the metal aluminium, from the chloride. It is 
white, and has a specific grayity of 2*1. It resembles aluminium in dissolving 
in HCl, as well as KHo, with evolution of hydrogen. Its oxide forms a white 
powder, insoluble in water. It may be prepared by fusing finely-powdered 
native silicate with 4 parts of its weight of fusion mixture, decomposing the 
mass with HCl, and evaporating to dryness, to separate the SiO^. From the 
HCl filtrate both the Al^Og and G-lO are precipitated by means of AmHo. On 
boiling the precipitate, however, for some time with AmCl, NH3 is evolved, and 
glucinum is dissolved out as chloride, G-l^'Clj. The insoluble AI^Hoe remains 
behind. Pure gludna can then be precipitated from the filtrate bv means of 
AmHo, as gelatinous hydrate, GIH02, which on ignition yields the white anhy- 
drous glucina, GlO, of specific gravity 3*08. 

From the oxide we can obtain the salts by dissolving in the respective acids, 
or by double decompositien, from one of its soluble salts. Gludna resembles 
alumina, inasmuch as it combines also both with acids and bases. Its salts are 
colourless, and of a sweet, slightly astringent taste ; they show an acid reaction. 

BBACTIONS IN THE DBY WAT. 

Glucinum compounds give no characteristio reactions in the dry way. 
NSO4C00'' yields a grey mass. 

BEAOTIONS IN THE WET WAY. 

Use a solution ov Glitcinic Sulphate, SO2GI0". 

The ffroup reasentt AmHo and SAm^, as well as the fixed caustic alkalies 
and alkaline earthy bases, precipitate sluGinic hydrate, GIH03 (flooculent), 
soluble, like Al^Og, in excess of the fixed alkalies, but not in ammonia. On 
boiUng, GIH03 is almost completely reprecipitated from a dilute NaHo or KHo 
solution. (Distinction pbom Alfi^.) Like Al^Os, it is reprecipitated also on 
the addition of AmCl. 

COAmos gives a white precipitate of fflacinlc carbonate, OOGlo'', freely 
soluble in excess, reprecipitated as basic carbonate on boiling. (Distino- 

TION FROM AljOg.) 

OONaOj, or OOK02, precipitates likewise white carbonate ^luble only in large 

excess of the precipitants. 
COBao'' precipitates glucinum completely, even in the cold. 
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Besides these ohanoteristio reactions, we nifty mention the difficultlj soluble 
tfonbla sulphate oqv^^^^'' "^ ^-^^ which the readily soluble glucinic sul- 
phate forms, when brought together with potassic sulphate. 

Sbpabation ot AljOs tbom OIC-^DissoIyc in HCl ; pour slowly, and with 
oontinued stirring, into a warm conoentnited solution of COAmO). A precipi- 
tate forms, consisting of Al^Hos, the solution containing the glucinum as double 
carbonate. Neutralize with HCl ; boil and add AmHo. OIH03 is precipitated. 



2. ZIBGONIUM, Zr*^ Atomic weight, 89*6.— Found as Silicate, chiefly 
in the rare mineral zircon, SiZro^^. The silicate is not attacked by acids, and 
the finely elutriated substance must be decomposed by fusion at a high tempe- 
rature with fusion mixture. The mass is extracted with water, evaporated to 
dryness with HCl, in order to remove SiOs, and to decompose the insoluble, 
sandy-looking diaoillG sirconat^, ZrONaoj, and is then precipitated with 
ammonia. The metal itself has been obtained in white metallic looking scales, 
of specific gravity 4'1, by the decomposition of the double fluoride ol potassium 
and zirconium, 2£F,ZrF4, by means of metallic aluminium. The hydrate is a 
voluminous white body, resembling Al^Hoe. It dries up to j^ellowish, trans- 

Sarent lumps, ZrHo4, which dissolve readilv in acids. On ignition, this hydrate 
tses its water, and undergoes a molecular change, when the dioxide, or zirconio 
anhydride, ZrOj, is no longer soluble in dilute acids. 

Zirconium »ftlts, obtained by dissolving the hydrate in dilute acids, aro 
colourless, and of an astringent taste. 

SBACTIONS IN THB DBY WAY. 

Of all the earthy oxides, ZrOj is the only one which remains entirely unaltered 
when submitted to the action of the oxyhydrogen blowpipe, and gives out the most 
iiitense and the most fixed light. Moistened with Ni04Coo'^ and intensely 
heated, the mass becomes of a dirly violet colour. With borax, ZrOg yields a 
colourless glass which becomes slightly opaque when cold. 

BEACTIONS IN THB WET WAY. 

Use a solution of Ziboonio Sulphate, Ss04Zro^^. 

The ffroup reasenta, SAm^, or AmHo, produce a white flocculent precipitate 
of zlrconlG hydrate, ZrHo4, insoluble in excess; insolublo also in NaHo 
or KHo (Distinction fbom A1 and Q1). 

KHo, or NaHo, same precipitate, insoluble in excess, not dissolved by a boil- 
ing solution of AmCl (Distinction fbom G1). 

OOAmos produces a white flocculent precipitate of a liaUe earlionate, 
readily soluble in excess, reprecipitated on boiling (Distinction fbom 

OOE03 and OONaoa, same precipitate, redissolves in a large excess of C0Ko2i 
especially of COHoEo (Distinction fbom A1). 

OOBao'' gives no precipitate in the cold, and precipitates glucinum salts im- 
perfectly, even on boiling. 

Oxalle acid gives a huUcy precipitate of zlrconle oxalate (Distinction 
fbom A1 and G1), insoluble in excess, difficultly soluble in HCl, soluble in 
excess of ammonic oxaUte (Distinction fbom Th). 

HF produces no precipitate (Distinction fbom Th and T). 

SSONaos precipitates zlreonle hypoaulplilte (SSO)sZro^^ (Distinction 
FBOM Y, Er, AND Di). The separation takes place on boUing, even in the 
presence of 100 parts of water to one of ZrOs (Distinction fbom Ce 
AND La). 

Zirconic sulphates, Ss04Zro^^, forms with potassic sulphate an insoluble doulila 
Bttlptaate of Zr and K, insoluble in excess of SOsKoa (Distinction fbom Al 
AND Gl). When precipitated cold, it dissolves readily in a large proportion of 

P 
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HCl, but is almost insoluble in water, and HOI, when the 8O3K02 is added to a 
hot solution (Distinction pbom Th and Ce). 

Turmeric paper, when dipped into a Iwdrocliloric acid solution of a zirco- 
nium salt, acquires a broumish-red colour aner drying in the water-bath (Dis- 
tinction 7B0M Th). But titanic acid — the only other metal which affects 
turmeric paper under the same circumstances — colours the paper brov>»y and its 
presence may therefore prevent the zirconium from being recognized. If the TiOj 
be, howeyer, first reduced, by means of zinc and HGl, to the state of sesqui- 
chloride —the reduction being marked in the solution by a change of colour to 
pale violet or blue — it no longer colours turmeric paper, and any change in the 
colour of the latter is then due to zirconium alone. The reaction requires sreat 
care, however, as, on exposure of the paper to air, the ^i^'^sOs, passing again to 
the state of Ti'^'^Os, would in its turn colour the turmeric paper, and thus render 
the observation doubtful. 

Certain chemical discrepancies in the behaviour of the zirconium compounds, 
but more especially the fact that the specific gravity of zircons from various 
locaUties difiers greatly, have led chemists to suspect that ZrOj really consists of 
a mixture of two or more closely allied oxides, hke the metals of the yttrium and 
cerium group. No method has, however, as yet been devised for isolating any 
other oxide. 



8. TH^BIUIII, Th^^. Atomic weight, 234. — Found in a few rare minerals 
only, viz., in thorite {oranffite), consisting principally of a hydrated silicate 
(8SiTho^^,40H3), in monacite and pyrochlor. 

Thorite is decomposed by moderately concentrated S02He3, and also by con- 
centrated HCl. The oxide or anhydride, ThOj, is white when cold, yellow when 
hot. The moist hydrate dissolves readily in acids ; the dried hydrate only with 
difficulty. Thorium salts containing colourless acids are white. 

BKACTIONS in THE DBT WAT. 

TI1O2, when heated before the blowpipe, remains infusible ; it imparts no 
tinge to the flame, and gives a colourless borax bead. It yields no characteristic 
reaction with ll'204Coo". 

SBACTIONS in THE WBT WAT. 

TJsB A SOLUTION OE Thoeio Sflphatb, S204Tho*^ 

SAms, or AmHo (ffroup reasents), precipitates the white gelatinous 

hydrate, ThOHos, insoluble in excess. 
KHo, or NaHo, same precipitate, insoluble in excess (Distinction fbom A1 

AND Gl). 
COAmoi, OOK03, or OONaos, precipitates white basic tliorle carbonate, 

readily soluble in an excess of the precipitants, difficultly soluble in 

dilute solutions (Distinction ebom A1). from a solution in OOAmo^ 

thoric carbonate is reprecipitated, even at 50° C. 
COBao'' precipitates thorium salts completely in the cold. 
•xalic acid produces a white precipitate (Distinction ebom A1 and Gf^l), 

not soluble in excess nor in dilute mineral acids ; soluble in ammonic 

acetate, containing free acetic acid (Distinction ebom Y and Ce). 

HF precipitates gelatinous tboric tctraflnorlde, ThP4, which becomes 
pulverulent after some time ; the precipitate is insoluble in water, and in HF 
(Distinction ebom A1, GH, Zr, and TiOj). 

SSONaoj precipitates thoric tayposolphlte, (SSO)2Tho»^, mixed with sul- 
phur, from neutral or acid solutions. The precipitation is not complete (Dis- 
tinction EBOM Y, Er, AND Di). 

A boiling concentrated solution of SO2K02 precipitates slowlv, but completely, 
the whole of the thorium sulphate as white crystalline insoluble potassio- 
tboric Bulphatc (SOa)4Eo4Tho^'' + 2OH3 (Distinction ebom A1 and G1)^ 
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soluble with diffioultj in cold, and also in hot water, readily on the addition of 
some HOI. 



4. TTTKIUM, y. Atomic weight, 61*7 ; and 6, EBBIUM, Er''. Atomic 
weight, 112*6. — ^These yery rare elements are only found in a few minerals, in 
yttorhyte, or ^adolinite, orthite^yitrotantaliUt etc. The metals have never been 
obtained pure. Yttrium and erbium always occur together in nature, and closely 
resemble the metals of the cerite group. They differ from most other earths in 
being completely soluble in acids, even after ignition, and from the cerite oxides, 
by not forming an insoluble double sulphate with potassic sulphate. In other 
respects the two exhibit almost the same behaviour with reagents, and can only 
be approximately separated from each other. The colour of the yttrium salt« is 
white. Erbium salts have a more or less bright rose tint, crystallise readily, and 
possess a sweet astringent taste. Anhydrous TOl^ is not volatile (DisxiirCTioir 
FSOM Al, Gl, AND Zi). 

SBAOTIONS IN THE DBT WAY. 

No peculiar reaction with borax, no colour to the flame, and a vreylili blue 
coloured mass with N3O4O00''. 

BBAOTIOKS IN T|[B WBT WAY. 

UsB SOLUTIONS OB THB NiTBATBS, Ks04Yo'^ and K204Ero'', and test them 
side by side. 

SAms, or AmHo (vreup reacenta) precipitates the liy«mteB> insoluble 
in excess. Large excess of SAmg somewhat prevents the precipitation 
of yttrio hydrate. 

KHo, or NaHo, precipitates white Hydrates, "YHog, or ErHo2, insoluble in 
excess (distinotion bbom Al and Gl). The precipitation j>f yttrium 

by alkaline hydrates is not prevented by the presence of THos (dis- 
tinction BBOM Al, Gl, Th^AND Zr), yttrium being slowly but completely 

precipitated as tartrate, TTo''. 
OOKos, and OONaos precipitate white carbonates, difficultly soluble in 
excess, more readUy soluble in OOHoKo, and in OOAmo2 (but not so 
readily as COGlo'j. On boiling the whole of the yttria is deposited 
(distinction OB Y BBOM Al, Gl, Th, Oe, AND Di). AmCl decomposes 
COYo'^ with evolution of •M'Hs and OOo, and formation of TOl^. Satu- 
rated solutions of 00 Yo'', in OOAmoj, have a tendency to deposit the 

double carbonate, qq a_ Yo". 

OOBao'' produces with erbium salts no precipitate, either in the cold, or on 
heating ; and yttrium salts are but imperfectly precipitated on heating.. 
(Distinction ob Er and Y bbom Al, Gl, Th, Oe, La, Di). 

Oxalle Acid produces a precipitate of white yttrlc oxadate, 

1 no^^"»^"^2* (Distinction ob Y bbom Al Aite Gl), insoluble in 

excess, difficultly soluble in dilute HOI, and partially dissolved by boiling 
with ammonic oxalate. Erbium salts are likewise precipitated as oxalate^ 

\ ^QEro'',OH2, in the form of a light rose-eolaured, heavy sandy powder. 

HE precipitates white amorphous taydrated yttrlc fluoride, insoluble 
in water and HE; soluble, before ignition, in mineral adds; decom- 
posed only by strong SOsHo^. (Distinction ob Y bbom Al, Gl, Zr, 
AND Ti.) 

A cold saturated solution of SOjYo" becomes turbid between 80°— 40' 0., and 
on boiling, is precipitated almost entirely. 

SOjEro'^ forms with SO^Koj, potasslo-erble sulphate, Ss04KosEro'^ 

P 2 
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difficultly soluble in oold water, when hydrated, but readily soluble in the 
anhydrous condition, and on warming. 

Fot Aisle yttrie ■ulphAtr, S304KoaYo'', dissolves readily in water, and in 
a solution of SO^Eos (distinction ov Y and Er ibom Th, Zr, and thb Mbtals 
OF thr Cebitb Group). 

When erbium nitrate is heated on a platinum wire in a gas flame, it imparts 
an intense greenish colour to the flame, which when seen through the spectro- 
scope shows bright lines in the yellow and green, also in the orange and in the 
blue in an otherwise continuous spectrum. These bright lines coincide with 
certain black, so-called absorption bands, which erbium gives when white light 
is passed through a concentrated solution of its salts. These absorption-bands 
are characteristic for erbium, as yttrium solutions show none, under like circum- 
stances. 

Separation op Y proh Er. — The difierent solubility of the nitrates of 
erbium and yttrium in water 'has been made available for the separation of these 
two closely allied metnls. On heating a mixture of their nitrates to incipient 
decomposition, and dissolving the residue in boiling water, the solution deposits 
on cooling rose-red crystals of basic erbic nitrate, K'30s(ErOs)''£ro'', whilst the 
mother-liquor contains chiefly yttrie nitrate. By repeating this same process of 
separation several times over, the earths maj be obtained pure by finally igniting 
the nitrates. 



6. CERIUM, Ce" and l^ Atomic weieht, 92. 7. liANTHANUnr, La''. 
Atomic weight, 92*8. 8. DIDTMIUM, Di . Atomic weight, 96. These three 
rare metals constitute, like yttrium and erbium, a group which may conveniently 
be studied together. The most abundant of the few cerium minerals is ceritey a 
hydrated silicate of the three metals Ce, La, and Di, as well as of iron and 
calcium, Si[Ceo''Lao''Dio''Feo''Cao'']s. The finely -powdered mineral is readily 
and completely decomposed by boiling with concentrated HCl,or aqua regia ; or 
by fusion with fusion mixture ; or lastly, by boiling with concentrated SOsHoj. 

CERIUM. — This metal exists both in the dyad, pseudo-triad, and tetrad con- 
dition. Thus it forms the several oxides : — 

Ce"0 'Ce'",0, Ce^^Oj and CejO* « CeO,CesOs. 

Oerous oxide. Ceric oxide Ceric * Geroso-oeric oxide, or 

(sesquioxide). dioxide. triceric tetroxide. 

Cerous and ceric oxide are both capable of combining with acids to form two 
series of salts, of which the cerous are the more stable and most important. Thev 
are colourless, or slightly amethyst-red, and acid to litmus. Cerous chloride is 
not volatile (Distinction prom A1, G1, and Zr). Cerous sulphate is not entirely 
soluble in boiling water. 

reactions in the dry WAT. 

All cerium compounds give with borax, or microcosmio salt, in the outer 
flame, a clear bead which is dark red while hot (Distinction proh the prb- 
CEDiNa earths), fainter or nearly colourless on cooling. In the inner flame, a 
colourless bead, or if ceric oxide is present, a yellow opaque bead is obtained. 
Lanthanum compoimds give colourless beads, and didymium compounds give 
with borax colourless, or, if in large quantity, pale rose-coloured beads, in both 
flames, and with microcosmic salt, in the reducing flame, an amethyst-red bead, 
inclining to violet, 

RBACTIONS IN THB WBT WAT. 

A. CKROU8 COMPOUNDS. — We employ A SOLUTION of Cerous Chlo- 
&IDB, Ce^'Cls. 
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SAmj (ffroup reas^nt) throws down the white ceroas hjrdr«te» OeHoj, 
insoluble in excess. 

AmHo precipitates a basic salt, insoluble in excess ; the presence of THoj 
prevents the precipitation bj AmHo (Distiitction from Y), but not bj 
K.Ho. 

KHo, or KaHo, precipitates white ceroas hydrate, insoluble in excess, which 
turns yellow on exposure to the air, or when acted upon by oxidising 
agents, such as chlorine water, sodic hypochlorite, &c., being converted 
into the yellow hydrated ceroso-eerlc oxide, Ces04,dOHs (Distiitctiov 

FBOMAI A.VD Gl). 

COKof, CONaos, or OOAmos, produces a white precipitate of ceroas car* 
bonate, COCeo'^ sparingly soluble in excess of the fixed carbonates, 
somewhat more soluble in COAmo^ ; insoluble in water and CO3 ; decom- 
posed by dilute acids. 

OOBao'' precipitates cerium salts slowly, but completely on standing. 

Oxalic Add, or Ammonlc oxalate, precipitates cerium compounds com- 
pletely, even from moderately aoid solutions, as a eurdy white precipitate (turn- 
ing slowly crystalline) of cerons oxalate, \ nrf^"* insoluble in excess of the 

precipitants (distinotion tbom Zr), but soluble in a large excess of HCl. On 
ignidon cerous oxalate leaves yellowish-white ceroso-ceric oxide, 06304 (Dis- 
tinction FBOM Al AND Gl, which form soluble oxalates). 

A saturated solution of potassio sulphate produces a white eryatalline preci- 
pitate of potasslo-cerous-sulpkate, S2O4ko30eo", even from somewtiat acid 
solutions (Dibtinotion from Al and Ol) ; difficultly soluble in cold water, 
readily soluble on heating ; quite insoluble in a saturated solution of SOjKos 
(Distinction fbox Y and Er) ; soluble in much dilute HOL With dilute 
solutions the precipitate takes some time to form. 

This charaoteridtic precipitate, as well as the easily distinguishable oxalate, 
and the yellow precipitate of ceroso-ceric oxide — ^free from La and Di, precipitable 
in the filtrate as oxalates — which oxidizing agents produce, serve to dbtiuguish 
cerium from all other metals. 

Sbpabation of Ce fbom La, and DL — ^A convenient method of oxidizing 
and separating cerous salts consists, according to Gibbe, in treating with FbOj 
and dilute ZTO^Ho (analogous to the oxidation of manganous to a higher oxide), 
when the solution turns yellow, even if only small quantities of cerium be present. 
By evaporating the yellowish solution to dr^ess and heating sufficiently to drive 
off part of the ITOjHo, so as to form a basic eerie nitrate, insoluble in water or 
dilute KOsHo, lanthanum, and didyminm can be dissolved out as nitrates. After 
removing the plumbic nitrate from the solution by SH], the La and Di are pre- 
cipitated as oxalates. The residuary basic eerie nitrate is dissolved in fuming 
NO3H0, any lead removed by SH9, and the cerium precipitated as oxalate. 

B. CERIG COMPOUNDS.— Salts of 'Oe^'sO,, such as the sulphate, 
oxalate, etc., are yellow, and are either difficultly soluble, or insoluble, in water 
Dyad cerium appears, in fact, to give rise to more stable compounds: thus 
Ce^Oa, when heated with HCl does not form Ce^Cls, but yields 2CeCl3 + CI3. 

Oxidizing agents, such as 01 passed into a solution of KHo, containing 
CeHoj in suspension, sodic hypochlorit'e, PbO^ and IVO^Ho, HgO and potassic 
permanganate, convert cerous into cerio com[X)und8, and furnish methods for 
the separation of Ce from La and Di. Reducing agents produce the reverse 
chemical action. Cerium resembles in this respect iron rather than aluminium. 

liAVfTHANUM. — This metal forms only proto-salts, which are colourless, 
when free frt>m didymium salts, and possess a sweet astringent taste. Lanthanic 
oxide is white and is not altered, even by strong ignition (distinction fboic 
Ce), being still readily soluble in adds. Both the oxide and the hydrate turn 
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red litmus paper blue. It deoomposes ammonium salts, in solution, on boiling 
with evolution of IVH3. Lanthanum resembles in this respect magnesium. A 
solution, saturated in the cold, of lanthanic sulphate deposits a portion of the 
salt already at 3(f C. (distinotion tboh Ce"). In its reactions lanthanum 
claselj resembles cerium. 

SBACTIOKS IK THB WBT WAT. 
USB A 80LTJTI0N OT LAJTrHAKIC ChLOBIDX, Ia'CIs. 

SAmj, or AmHo, precipitates basic salts which pass milky through the filter, 

on washing. 
KHo, or KaHo, precipitates l«iith«iile hydrate, IaHos, insoluble in excess, 

unalterable in the air, or in the presence of oxidizing agents (DiBTiifOTioir 

PBOM Ce). 
COAmOj^ giyes a precipitate which is insoluble in an excess of the precipitant 

(distinction pboh Ce). 
COK03, or CONaos, COBao'^ oxalle add, or yatasste sulphate, give 

the same precipitates as with cerium salts. 

When the slimy precipitate which a cold dilate solution of lanthanic acetate 
yields, on supersaturation with AmHo, is washed repeatedly with cold water, 
and a few small crystals of iodine added to it, a blue coloration is produced 
which gradually perrades the entire mixture (characterUticfdr La compounds 
only). 



DIOTmiUfll. — ^This metal forms likewise only proto-salts, coloured a pure 
pmk, like the sulphate, or rose-red ; sometimes a faint yiolet, like the nitrate. 
The oxide is pure white and remains soluble in acids when strongly ignited. (The 
existence of a peroxide Di^^Oj is doubtful) . In contact with water it is slowly con- 
verted into the hvdrate, without acquirirg an alkaline reaction. It rapidly 
attracts CO2, and is readily dissolved by the weakest acids. It expels ammonia 
from ammonium salts when boiled with them. The chloride, DiCl^, is not vola- 
tile. The nitrate, on heating, is converted into a basic salt, N20(Di02)''sDio'' 
+ 5Aq (Distinction fboh La), which is grey when hot and also when cold 
(Distinction fbom Er). A saturated solution of didymic sulphate begins to 
deposit red crystals of the salt at 53° C. until at 100° C, one part of the salt 
only is held in solution by 50 parts of water (Method of separation of La 
FBOH Di). Didymium salts resemble in their chemical deportment lanthanum 
and ceriiun salts. 



seactionb in the wet way. 

We may employ A solution of the Chloride, Dl"Clai or Sulphate, 
SOjDio". 

SAms, or AmHo (sronp rea^eiita), precipitates basic salt, insoluble in 
AmHo, but sUghtly soluble in AmCl, with displacement of NHg. 

KHo, or KaHo, precipitates gelatinous didymle hydrate, DIH03, resembling 
AI3H06, but of a pale-rose colour. It is insoluble in excess, and does not 
alter in the air. 

COK02, COKao2, or OOAmoa, produces a copious precipitate of dldyinle ear- 
bonate, CODio'', insoluble in excess of the precipitants (Distinction 
FROM Ce), but slightly soluble in a concentrated solution of AmCl. 

OOBao'' precipitates didymium compounds slowly (more slowly than Ce or 
La), and never completely. 

Oxalie aeid precipitates didymium salts, M ^QDio'' + 4AqY almost com- 
pletely, ammonie azalate completely. The precipitate is diffiouk]j soluble 
in cold HCl, but dissolves on heating. 

A concentrated solution of SOsKoj, or better still, SOgNaos, precipitates didy- 
mium solutions more slowly and less completely than cerous solutions, as a rose* 
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fohUe p»taflsiiMdldjBtlc sslpliatejSiO^EosDio'' + Aq, slightly soluble in water, 
leas soluble in an excess of the reagent, dilficultlj soluble in hot HGL 

When a ray of white light is sent through a didymium solution, and examined 
by the speotroscope, dark bands are seen in the continuous spectrum. Dilute 
solutions show these absorption bands in the yellow and green, concentrated solu- 
tions exhibit, in addition, several other well-defined narrower bands in yariouB 
other parts of the spectrum. 

Remark. — ^In order to master still more completely the reactions for the 
8 earthy metab already treated of, the student should tabulate them according 
to the scheme given on page 49, when the slight differences which exist between 
many of their reactions, and which often furnish the only means for their separa- 
tion, are brought out still more prominently. 

9. TITAN lUfll, Ti'^ and ^^ Atomic weight 50. — This, as well as the two next 
following metals (usually treated of in Gh*oup III, because they are precipitated 
by the group reagents, AmCl, Am Ho, and SAmj), differ entirely from tne pre- 
viously treated metals. Their anhydrides, Ti^^Oj, Ta^aO^, and Nb^jO^ are 
essentially acids, analogous to SiOj, SnOs, SbjOf, etc., and are found in nature 
either 'u\ the uncombined state (TiOs), or combined with various metallic bases, 
as TiTANATES, Taktalatbs, and Niobatbs. 

Titanium is found a« Anhydbedb (almost pure) in the minerals Rutile, 
AnatasCf and Brookite ; combined with bases, chiefly lime, in Titamte, TiOOao'^, 
in titaniferous iron, n(Fe208)t m(TiORo'^, and is found in small quantities in 
many iron ores, in fire-clays, and generally in Siliccttea, (Hence its occurrence in 
blast-furnace slags, as Nitride, TlCysiSTisN], in bright copper-coloured crystals). 

Titanium forms several oxides, of which two are known with certainty, and 
one whose existence is probable, viz. : — 

Ti'D 'Ti^'aO, Ti»'Oa. 

Titanous oxide Titanic oxide Titanic anhydride, 

(probable). (sesquioxide). 

The last oxide, acting as a weak base, and forming mostly very unstable salts, 
and likewise as an acid, is the only one which is of sufficient importance to be 
studied analytically. 

In order to prepare some pure titanic anhydride, finely-powdered rutile is 
fused with 3 parts of COKoj, the fused mass powdered and treated with cold 
water, which removes SiO] and alkaline silicates, and leaves insoluble potassie 
tiUuiAte, TiOKo], together with ferric oxide. This is washed by decantation 
or on a filter, with cold water, and dissolved in cold dilute HCl. On diluting 
considerably with water and heating to boiling, ybr some time, the whole of the 
titanium is precipitated as meta- titanic hydrate, Ti*^OHo2 (Fe being held 
in solution by the acid), which differs from (ortho) titanic acid in being quite 
insoluble in aU acids, except strong sulphuric acid, whilst titanic hydrate (ob- 
tained by precipitation with alkalies), of exactly the same composition, is readily 
soluble even in dilute SO2H03, or HCl. The precipitated meta-titanic acid is 
usually tinged yellow, owing to some ferric oxide which is carried down with it. 
It is best, therefore, to filter off, to wash with a solution of AmCl, and redissolve 
the precipitate in strong SO3H03. After dilution with water, it is reprecipi- 
tated once more by long-continued hoUing, and is then all but free from iron. 
(Method of bepabation tboh A1, Gl, Y, and Th.) 

Another ntethod consists in fusing the titanium compound with 6 times its 
weight of SO2H0E0, till it yields a clear mass, soluble in a large quantity of 
cold water, acidulated with dilute SO2H03, from which meta-titanic acid is pre- 
cipitated as above. SIO3, if present, is not attacked by SO3H0K0, and remains 
in the insoluble residue. 

Pure TiOs may also be obtained by fusion with acid potassic fluoride, and 
dissolving the fused mass in dilute HCl. P»tMSlc titanic flaortde, 2EF,TiF4, 
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which 18 difficnltly soluble in water (I part requires 96 parts at 14® C), is ool- 
lected on a filter and washed with cold water, and purified bj reorystallisation 
from boiling water. Its aqueous solution, when precipitated with AmHo, yields 
titanic bydrate, which on ienition is converted with incandescence into pure 
titanic aniiyilriilc — white, when only feebly ignited, yellowish or brownish, 
when intensely ignited. 

SiOs, or silicates, containing traces of TIO3, may be decomposed with HF. 
SO3H03 must likewise he added in order to preyent a portion of the 
titanium from being Tolatilized with the SiF4. 

BEACTIONS IS THB DBY WAY. 

Titanium compounds, when heated on charcoal, before the blowpipe, are not 
reduced to the metallic state (distinction fboh In). Heated in a borax bead 
(on charcoal), or better still, in a bead of microoosmio salt, pure TiOs, or a 
titanate, containing bases which do not themselves colour the borax bead, yields, 
in the outer flame, a colourless glass, but in the inner flame, a glass which is 
ycliow while hot, but assumes a Tiolct colour on cooling. The reduction is 
promoted by the addition of a little zinc or tin. If some SOsFeo'' be added, 
the bead obtained in the inner flame, becomes blood«rcd. 

BEACTION8 IN THB WBT WAT. 

Use a bolvtion of Titanio acid, in HCl. 

SAms, AmHo, EHo, or KaHo, alkaline carbonates, as well as COBao", pro- 
duce a bulky white precipitate of (artlio) titanic hydrate, Tl'^OHoa, 
which is insoluble in an excess of the precipitants. When thrown down 
in the cold, and washed with cold water, it is readily soluble in dilute 
HCl, or in dilute SOsHoj. Washing with hot water converts it into 

insoluble mcta-tltanic hydrate. The presence of TH03 prevents the 
precipitation. (Iron, as well as Mn, Ki, Go, Zn, and U, which are pre- 
cipitated by SAm^, in the presence of THoj and AmHo, may thus be 
separated from. TiOj) 

K4FeCy( produces a darJte-brown precipitate. 

Infusion of valla, a brownish precipitate, which speedily turns orange* 
red. 

POHoKaOj throws down the titanic acid almost completely from an acid 
solution as a white gelatinous phosphatSj which when washed and dried 
leaves a basic salt, 2TiOj,P304, or PjO(Ti04)»'Tio»^. 

Metallic tin, or zinc, immersed in a HCl solution of TIO3, evolves hydrogen 
and reduces the Ti^^O^ to 'Ti'^'jOs, which gives rise to empale violet or blue colora- 
, tion and finally throws down a dark oio^e? precipitate, which is rapidly reoxidized 
to white TiOs, with decomposition of the water, or when exposed to the air. 
This reaction frequently indicates the presence of TiOj, in the analysis of iron 
ores, during the process of reduction with zinc, previous to the estimation of 
iron by potassic permanganate. 



10. TANTALVM, Ta^ Atomic weight, 182. 11. BII9BI17M, Nb^ 

Atomic weight, 94. — This group of metals occurs only in a few minerals, found, 
as yet, in a few localities, and, then only, in smaU quantities. The difficulty of 
detecting mere traces of thexh may account for their having been overlooked in 
others, in which they have since been found, viz., in tinstone and wolfram. 

In some of the minerals, either tantalum or niobium prevails, such as in 
tantalite, and in mobile (columbite) , They are iceta- compounds and may be 
expressed by the general formula:— m(Ta03)3Feo" + n(NbOs)sFeo''. In 
yttrofantalite — ^the OBTHO-compound — of the formula : — Ta303(Nbs03)Bo' 3, B'' 
stands for Y'^Er^j Ce", TJ", Fe", Ca"] and in euxonite^ woehlerite, and pyrO' 
chlor, the metal niobium occurs as a FYBO-niobate, combined with fluorides, viz., 

9£Nb^O,Ilo'y, P(NaK)F. 
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Tantalum and niobium exist chiefly in the pentad condition, as is eridenced 
by the composition of their oxides (aiihydrides), chlorides, fluorides, etc., etc., 
Tiz. : — 

Tantalio anhydride, Ta^aO,. Chloride, Ta^Cl,. Fluoride, Ta^Fj. 
Niobio „ Nb^aO,. „ Nb^Cl,. „ Nb^F,. 

A lower oxide, 'Ta*^804, and sulphide, 'Ta*^aS4, are said to exist. In tantalates, 
and niobates, the aoids closely resemble arsenic, or phosphoric acid ; they can 
exist as meta- Ta^(Nb^)OjHo, pyro- Ta^2(Nb^j)OaHo4, orortho-Ta^(Nb^)OHo, 
tantalic (niobic) acid. 

TAHfTAIilG and NIOBIC ANHTDRIDES are prepared from tanta- 
lites, or niobites, by fusing the finely powdered mineral with 8 parts of SOaHoKo. 
The fused mass is extracted with water, whereby the bases are principally 
removed as sulphates. The residuary TaaOs, and NbaOs, are washed and fused 
once more with hydrio potassic sulphate, etc. The residue after haying been 
well washed is dissolyea in HF, and a boiling solution of HF,KF sraduaUy 
added to it. The liquid, on cooling, or on concentration, yields difficultly soluble 
potassic flno-tantalAte, 2KF,TaF{ (soluble in about 150—200 parts of water 
only), whilst the mother-liquors contain potasaie fluo-oxynlnbate, 2KF, 
NbOFs, OHa which is soluble in 12*4 to 13 parts of water {Distinetion also from 
tUarUum which forms KF, TiF4, soluble in 96 parts of water). These two salts 
may be purified by recrystallisation ; and on decomposing them, by heating with 
SOaHoj, tantalic and niobic sulphates, and potassic sulphate, are left ; this latter 
can be boiled out with water. When SOaHoj is expelled from the insoluble 
tantalic, ot niobic sulphate, by strong ignition, or by heating in an atmosphere of 
anmionic carbonate, TaaO^, or NbaO(, is left. 



TANTALU1. — The anhydride is a white powder. When strongly ignited 
it turns pale yellovr, without emitting any light, and becomes insoluble in UQ, 
or strong SOaHoj. (Distiitotion fsom TiO,.) 

Fused with KHo, it is rendered soluble in water ; fused with NaHo, it 
forms chiefly aodie nieta-tantalate, TaOjKao, insoluble in excess of NaHo, 
but soluble in water. When a solution of soda is added to this solution, sodio 
tantalate is precipitated. Hydrated tantalic acid dissolyes in HF, from a con- 
centrated solution of which KF precipitates the fine, needle shaped, potassic 
fluo-taiitalaie. By prolonged boiling with water, this soluble nXt chanees to 
an insoluble compound, Taa(55,2EF,TaF5, the formation of which aflorob the 
means of detecting the smallest quantity of fluo-tantalate in mother-liquors, con- 
taining potassic fluo-oxyniobate. 

BBACTIOKS Hr THB DBY WAY. 

Microcosmic salt dissolves TaaOs to a colourless bead in both flames, and 
does not acquire a blood-red tint by the addition of ferrous sulphate (Dibtinc- 
Tioir FSOH TiOa). 

BBAOTIOKB IK THB WET WAT. 

UsB A SOLTTTIOK OT TaOaKo in water. 

The tantalates of the alkali metals are soluble in water, all others (formed by 
double decomposition) are insoluble in water and decomposed by acids. 

HCl precipitates TaaO^, at first, then redissolyes it in excess. 

CO3 passed through a solution of an alkaline tantalate, precipitates acid, or 

aniiy tf ro-tantalate. 
AmHo, or SAma, precipitates_f rom a HCl solution tantalie itydratCy or an 

acid ammonic tantalate ; THoa preyents the precipitation. 
AmCl, or SOaAmoa, precipitates tantalie iiy Urate, TaOaHo. 
K^FeCyc giyes from acidified solutions, a yellowish-white precipitate, which 
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turns brown hj the addition of a few drops of AmHo, and is soluble in 
larger quantities. 
K«Fe2Cyi2, a yellow precipitate. 

Infusion of ynlls, added to an acidified (SO2H0.2 or HCl) solution of an 
alkaline tantalate, forms a light-yellow precipitate, soluble in alkalies. 

Metallic zinc and HCl does not reduce Ta^Os, ^^^ "^^ \)\\xq colouration (or 
only a yery faint one) is observed (distinction fbom NbjOfi). 



IWIOBIUM. — ^Niobic anhydride, Nb^Oj, is white, but turns transiently 
yellow, when ignited. By strong ignition in hydrogen, it is converted into 
'Nb*^304. Like tantalic anhydride, it combines both with bases and acids. Con- 
centrated sulphuric acid dissolves niobic anhydride, unless it has been too 
strongly ignited, and the solution remains clear, on the addition of much water 
(distinction vboh Ta^Os). 

On fusing with caustic potash, a clear mass consisting chiefly of potassic 
metaniobate, NbO^Ko, is obtained, which is readily soluble in water, but is pre- 
cipitated as sodio salt, on the addition of KaHo. Sodic meta-niobate, obtained 
by fusion with caustic soda, behaves like the corresponding meta-tantalate. 

REACTIONS in THB DBY WAY. 

Miorocosmic salt dissolves Nb^Og readily ; in the outer flame, a bead, colour- 
less whilst hot, is obtained ; in the inner flame the bead acquires a Tiolet, 
blae» or brown colour, according to the quantity of the acid present, and a red 
colour, when a little ferrous sulphate is dissolved in it. 

bbaotions in the wet way. 

Use an aqueous solution of Potassio Niobate. 

The niobates of the alkalies are soluble in water, all others are insoluble, and 
are decomposed by acids. 

Mineral aeida, especially aalpliarle aeid, even at the ordinary tempera- 
ture, precipitate nioOie liydrnte, nearly insoluble in the acid. {The 
precipitation of tantaUc hydrate requires the aid of heat.) 

•xnlic acid does not affect alkaline niobates. 

SAm2, or AmHo, precipitates from acidified solutions of NbjOs the taydrate^ 
containing ammonia, soluble in hydrofluoric acid. 

AmCl precipitates the acid, but only slowly and incompletely, more especially 
if in the presence of alkaline carbonates. 

K4FeCy6 gif^es, with a solution of an alkaline niobate which has been acidu- 
lated with sulphuric or hydrochloric acid, a red precipitate. 

K5Fe2Cyi2, a bright yellow precipitate. 

Infusion of Galls, an orange-red precipitate. 

A. piece of zinc immersed in an acidulated solution, forms a beautiful blue 
precipitate, which after a time changes to brown, {Tantalates yield none or only 
a faint blme colour)* 

(B.) Rare Metals, precipitated hy the Group reagents, AmGl, AmHo 

and SJ.m2, in the form of Sulphides. 

1. URANIUM, TJ^' and pseudo-triad. Atomic weight, 120. — Uranium is not 
a very abundant metal ; it is found principally in pitch-blende, which contains 
from 40 to 90 per cent, of uranoso-uranic oxide, TJ3O4 ; in uranium^ochre, or 
SULPHATE ; and in uranite or uranium mica, which is a calcic (cupric) uranic 
phosphate. In small quantities it exists in several rare materials, such as 
euxenite, yttrotantalite, &c. 

Uranium is almost always obtained from pitch-blende. The TT3O4, therein, 
is associated with sulphur, arsenic, lead, iron, and several other metals. The 
mineral is finely powdered, freed by elutriation from the lighter earthy impuri- 
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ties, roasted for a short time to remoye part of the sulphur and arsenic, then 
dissolved in nitric acid, and the solution evaporated to dryness. The residue is 
exhausted with water, and the solution filtered from a brick-red residue of ferric 
oxide, ferric arseniate and plumbic sulphate. On evaporation, the aqueous solu- 
tion yields crystals of the mtrate, which by dissolving in ether and setting aside for 
spontaneous evaporation, are obtained pure. When recrystallised once more from 
boiling water, they consist of pure nnuiylie nitrate, N304(UsOs)o'',60Hs ; 
in which (^'^s03)'' or nrmnyl acts as a compound dyad radical, analogous to the 
monad compound radicals antimonyl, (SV'O)', bismuthyl (Bi'"0)', &c. 

Uranium exists as a dyad and pseudo-triad metaL It forms with oxygen 
two salifiable oxides, together with two intermediate oxides, thus : — 

TJranous TJranic oxide or 
oxide. uranylic oxide. Intermediate oxides. 

f ^ * f * ^ i * \ 

U"0 'U'"^8, or 17,04, or 1X40., or 

(UjOa)"0 TJ'^^tyV'O (dark green.) 'D''''aO„2Tr"0 (black.) 

TJranous chloride. Uranylic chloride. Pentachloride. 

UCl, (UaOj)"Clj TTaCl, 



Uranous sulphate. Uranylic sulphate. 

SOaOaU, or SOaUo" SOaOjCUaOa) ", or SOaCUaOjjo 



// 



Uranic oxide and its hydrate combine both with acids to form uranylic salts, 
and with the oxides of the more electro-positive metals to form acid uranates, of 

r {TJaOa)"Ro 
the general formula < O -^xOH8, analogous to dichromate8,disulphates, 

I {TTA)"Bo 
etc. These are yellow, insoluble in water, but are decomposed by acids. Disodic 
diuranate (uranium yeUow) is much used as a pigment in glass and poroelain 
manu&ctures. 

BEAOTIOKS IN THB DBY WAY. 

Borax and microcosmic salt give with uranium compounds, in the inner 
flame of the blowpipe, yreen b^ids, in the outer flame yellow beads, which 
acquire a yellowish ip*eeii tint on cooling. The oxides of uranium are not 
reduced by fusion with CONaoa on charcoaL 

BEACTIONB JS THE WBT WAY. 

(A.) IJRA1WOU8 COMP9UlWD8.~UsB A SOLUTION OF Ubanous SuIi- 
FHATE, SOaUo''. (Prepared by dissolving uranoso-uranio oxide in hot oil of 
vitriol, diluting with water and evaporating in vacuo,) 

Uranous salts constitute powerful reducing agents. They are green, or 
greenish white, and yield green aqueous solutions. 

SAma forms a black precipitate of uranous snlpblde, U'^S. 
AmHo,KHo, or KaHo, throws down red-brawn jjfelaHnou* uranous kydrate, 

U'Hoa. 
COK03, CONaoa, or OOAmoa, precipitates ffreen uranous kydrate, soluble 

in excess, especially in excess of COAmoa. 

Uranous salts become oxidized to uranic salts by exposure to air, or by treat- 
ment with nitric acid, etc. Q-old and silver salts are speedily reduced by tHem, 
and ferric salts are reduced to ferrous salts. 

B. 17RA1VIC COMPOUNDS. UsB A SOLUTION 07 Ubanic Nitbatb, 
N,04{Ua03)o". 

Uranic salts are yellow, thev are mostly soluble in water, and are reduced to 
uranous salts by SHa and by alcohol, or ether, in sunlight. 

SAma produces in the cold a chocolate broton precipitate of uranyllo sul« 
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ptaide, containing also amnionic sulphide and water. It is insoluble in 
jellow amnionic sulphide. On warming or boiling the liquid which con- 
tains the uranjlic sulphide, (Ufii)^, suspended in it, the precipitate 
splits up into sulphur and black uranous oxide, TT'^O, which is insoluble 
in excess of SAmj. Uranjlic sulphide dissolves readilj in neutral ammo- 
nic carbonate. [Method of sbpabation or U fboh Zn, Mn, akd Fe.] 

AmHo, KHo, or KaHo, produces a yellow precipitate, consisting of acid 
nrAuate of the alkali metal ; insoluble in excess of the precipitant ; not 
precipitated in the presence of tartaric add. 

COKoj, OONaoj, or COAmo^, gives a li^ht yellow precipitate, consisting (in 
the case of potassic carbonate), of p«ta8»io-iiimiile carbonate ; readily 
soluble in an excess qf the precipitant. Bj treating the liquid with 
dilute sulphuric acid, as long as effervescence takes place, an acid uranate 
is precipitated. [Method of sefabation of U fbom A1 and Fe*^] 

COBao' completelj precipitates a solution of a uranic salt, even in the cold. 
^Separation of 'U'" from Ni", Co", Mn'\ JV", and Zn.) 

£4FeG78 produces a reddish-brown precipitate. (Most delicate special 
reaction.) 

E^Fe^Cjis produces no change. 

Metallic zinc does not precipitate metallic luranium from its solutions. 

2. THALLIUM, Tl' and '''. Atomic weight, 204.— This metal was dis- 
covered by Crookes in 1861. It occurs in many kinds of copper and iron 
pyrites, but invariably in very minute quantities ; also in many kinds of crude 
pulphur, in some of the deposits from the flues leading from the pyrites furnaces 
to the lead chambers of sulphuric acid works, and in the deposits in the 
chambers themselves. It has, moreover, been found in lepidolite, in prepara* 
tions of cadmium and bismuth, in ores of zinc, mercury, and antimony, in the 
ashes of some plants, and in some saline waters. 

The metal is most economically extracted from thalliferous flue-dust. The 
dust is stirred up with boiling water, the insoluble portion allowed to settle, and 
the clear supernatant liquid syphoned off. On the addition of concentrated 
hydrochloric acid, impure thallious chloride, TlCl, is precipitated. This impure 
chloride is dissolved in concentrated sulphuric acid, evaporated till the hydro- 
chloric acid, as well as the greater portion of the sulphuric acid, has been driven 
off, then dissolved in boiling water, and a rapid current of sulphuretted hydrogen 
passed through the solution, whereby all the metals of the SHj group are pre- 
cipitated. On now introducing plates of zinc into the dilute acid filtrate, 
spongy metallic thallium is precipitated, which can be readily removed from the 
zinc, and obtained in lumps or bars by pressure. It must be preserved under 
water. 

The salts may be prepared by dissolving the metal in the respective adds, or 
by the double decomposition of soluble thallium salts. 

Thalhum forms two series of compounds : — thallious and thallic. In the 
thallious the metal exists as a monad, and in the thallic as a triad. Thus we 
have: — 

Thallious oxide .... OTlj Thallic oxide .... Tl^'^'Og 

ThaUious chloride . . TlCl Thallic chloride . . Tl'^'Cl,, etc., 

together with several intermediate compounds. 

In some of its che^cal relations thallium differs from all other metals. In 
many respects it resembles the alkali metals, as, for instance, in forming the 
readily soluble and highly alkaline thallious oxide and carbonate, an insoluble 
double platinum salt, an alum, analogous to ordinary potash alum, and a 
series of thallious phosphates, analogous to the alkaline phosphates. In most 
other respects, however, it is more nearly allied to the heavy metals, especially 
to lead, which it resembles closely in appearance, density, melting-point, specific 
heat, and electric conductivity. 

beactios in the dby way. 

Thallium compounds impart an intense yreen colour to the blowpipe flame. 
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The ■peotrum of thallium shows only one CBtcrald srccn line, Tla, and hence 
its name from OaXX^c, green. 

BBACTIOKS IN THB WXT WAY. 

A. TIIALLI9IJ8 COMPOUBID8.— We employ A solution ofthallious 

8VLPHATB, SOsTlO]. 

ThaUious salts are for the most part colourless and soluble in water, such as the 
nitrate, sulphate, phosphate, tartrate, and acetate. Some are difficultly soluble, 
e.g,t the carbonate and chloride, and a few are almost insoluble, 0.^., tne iodide. 
Thej react neutral to test-paper, and possess a slight metallic taste. ThaUious 
oxide, OTI2, is colourless and fusible ; it dissolves in water, the solution is colour- 
less, alkaline, caustic, and absorbs carbonic anhydride from the air. It also dis- 
solves in alcohol. 

ThaUious salts are difficultly converted into thallic salts ; powerful oxidising 
agents, such as nitric acid, are without effect on them. They require boiling and 
evaporating with aqua regia to convert them into the higher salts. 

SH] does not precipitate strongly acidified thallious solutions unless AjSjOs 
be present, when a part of the thallium is carried down with the arse- 
nious sulphide, as a brownish red precipitate. Keutral or very slightly 
acidified solutions aro incompletely precipitated by SHj. From acetic 
acid solutions the whole of the thaUium is thrown down as black thai* 
lloua sulphltfe, STl,. 

SAms (ffroup rcAipent) precipitates the whole of the thaUium as tk Alliens 
•nlpliltfe, insoluble in ammonia, alkaline sulphides, or potassic cyanide. 
Readily soluble in dilute hydrochloric, sulphuric, or nitric acids, but diffi- 
cultly soluble in acetic acid. When exposed to air, thallious sulphide is 
rapidly converted to thallious sulphate. On heating it fuses and volati- 
lizes. 

KHo, NaHo, or AmHo, does not precipitate aqueous solutions of thallious 
sfldts. 

Carbonated alkalies produce a precipitate only from concentrated solutions, 
COIlos being soluble in 20 parts of water. 

HCl, or a soluble chloride (bromide), throws down white ihallloua chlo- 
ride, TlCl ; the precipitate subsides readily, and is unalterable in the air. 
It is very sUghtly soluble in boiling water, and stiU less so in hydrochloric 
acid. 

EI precipitates, even from the most dilute thalUous solutions, light yellow 
tkalUona iodide. Til, which is almost entirely insoluble in water, but 
somewhat mora soluble in a solution of potaiisic iodide. This constitutes 
the most delicate reaction for thallious s<ilts. 

CrOsKos precipitates ytf2Zo«7 thallloua ebroniAtc, CrOsTlof, insoluble in 
cold nitric or sulphuric acid. 

PtGl4 precipitate s difficultly soluble, ^aZe orange coloured tbalUous platlnlo 
chloride, 2TlCl,PtCl4. 

Zinc precipitates nietaUic thallium. 

B. THALLIC GOXP9U1WD9. — We employ a solution of Thallio 
Chlobidb, WCl,. 

Thallic salts are easily distinguished from thallious salts by their behaviour 
with caustic and carbonated alkiSies, which precipitate brown gelatinous thallic 
hydrate, Tl'^'OHo, insoluble in excess. 

Thallic oxide is scarcely acted on by concentrated sulphuric acid in the cold ; 
on heating tliallic sulphates, (SOs)sTlo 3,70H2 is obtained. When a solution of 
thallic sulphate is boiled, oxygen is given ofi* and a thallious salt left. When 
treated with HCl, thallic oxide yields the chloride Tl'^Glg, as a white crystalline 
mass, which on heating splits up into TlCl and Clj. 

HCl, or a solnhle chloride (bromide), produces no procipitate. 
SHs reduces thalUc to thallious salts, with precipitation of sulphur. 
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I COHo P^^*'^^ ^ tohite pulyemlent precipitate. 

POHoNaos gives a white gelatinous precipitate. 

▲bOHos, or a soluble arseniate, gives a yeltow gelatinous precipitate. 

OrOjKo] does not precipitate thallic salts. 

KI gives a precipitate of Til and I2. 

8. IN D I U iH , In^^, and pseudo-triad. Atomic weisht, 113*4. — Has hitherto onlj 
been found as a rare and insignificant constituent of some zinc ores {zinc-blende 
from Freiberg), in the metallic zinc prepared from these ores, and in tungsten. 

Indium is a white, highly lustrous metal, resembling platinum, soft and 
ductile, of specific gravity 7*42. It fuses easily at 176° C. It is not oxidized in 
the air or in water. Dilute HCl or SO2H02 dissolve it readily, hydrogen being 
given off. Concentrated sulphuric acid dissolves it with evolution of SOs. This 
is readily soluble also in cold dilute nitric acid. The oxide, HLnf^Oi is brown 
when hot, straw-coloured when cold, and is readily reduced when heated on 
charcoal, or in a current of hydrogen gas. A black dioxide, In^^Oj, exists 
likewise. 

The principal salts of indium, viz., the sulphate, (803)3 In^o^, 9OH2, the 
nitrate, NsOelno''^ and the chloride, In'^'da, are freely soluble in water. The 
chloride is volatile and hygroscopic. 

BBA.OTIONS IN THB DBY WAY. 

Indium and its compounds impart to the flame a -pecuJoAr bluish tinge. When 
examined with the aid of a spectroscope two characteristic blue lines can be 
seen, a bright one in the blue, and a feebler one in the violet. They are how. 
ever very transient. The sulphide gives more persistent lines than the chloride. 

BEACTIONS IK THB WBT WAY. 

We may employ A solution ov any of thb above salts. 

SH2 produces no precipitate in the presence of a strong acid. Indium is, 
however, precipitated like the metal zinc, from slightly acid solutions, or 
in the presence of acetic acid. The slimy precipitate or IniUe sulphide, 
'Ing^'Sg, is of a fine yeUow colour. 

SAms produces at first a white precipitate from a solution, containing ammonio 
tartrate, said to consist of Ijl*'*^^ and hydrogen. It turns yellow on the 
addition of acetic acid. The sulphide is insoluble in cold, but soluble in 
hot SAms, and on cooling it separates again of a white colour. 

KHo, NaHo, or AmHo, produces a white bulky precipitate of intf Ic hydrate, 
IxL^'^Hos, resembling aluminic hydbatb, quite insoluble in KHaor AmHo. 
The presence of THoj prevents the precipitation. 

AlkAline CArbouAtea precipitate wMte gelatinous eArbouAte. When 
recently precipitated it is soluble in ammonic carbonate, but not in the 
fixed alkaline carbonates. On boiling, indie carbonate separates again. 

OOBao'' precipitates indie salts in the cold, as basic salts. (Distinction 
PBOM Zn, Mn, Co, Ni, and Fb.) 

POHoNaos throws down a bulky white precipitate. 

AlkAline oxalAtes produce a crystalline precipitate. 

Zinc precipitates the metal in the form of white shining lamnue. 

4. VAUfADIUM, Y'^and ^. Atomic weight 51*9. — Occurs only in a few 
very rare minerals, principally in vanadite, or plumbic vanadate and oxyehloride, 

VaOaPbo^i (ci^^)» Mialogous in composition to pyromorphite (comp. p. 98) ; 

also to a very small extent in many iron ores (clay and pea iron ores), and, as 
Boscoe recently discovered, in the copper-bearing beds at Alderley Edge, and 
Mottram St. Andr;ws, in Cheshire. 

Vanadite may e made the starting point for preparing the several vanadium 
compounds. The mineral is dissolved in nitric acid, and the lead and arsenic 
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precipitated bj SHf, which at the same time reduces the yanadic pentoxide, 
V^sOs, to tetroxide, "V^^fii- The blue filtered solution is then eraporated to 
dryness and the residue digested in ammonia, when the yanadic tetroxide 
becomes reoxidized into pentoxide. The ammonic yanadate can be precipitated 
as a white powder from this solution bj introducing a lump of sal-ammoniac, 
being scarcely soluble in a saturated solution of AmCl. By exposure to a 
temperature below redness, in an oi)en crucible, ammonia is expelled and V^sOs 
is left. 

Vanadium forms seyeral oxides, oxychlorides, chlorides, sulphides, which 
show that the metal is closely allied to the phosphorus and arsenic group. Thus 
we have : — 

Oxides. Oxychloride. Chlorides. Sulphides. 

'VjOj — VClj — 

V'aOs (black) — VCl, — 

'V<^a04 (blue) -- VCI4 ^V^^jS* 

V^aOi V^OClj — "V^^* 

The most important of these compounds is the pentoxide, or yanadic anhy- 
dride, identical in composition with phosphoric, arsenic, antimonic, tantalic and 
niobic anhydrides. It combines in different proportions with bases forming like 
the other anhydrides referred to, three series of salts, yiz., ortho-f pyro; and 
metchvanctdatea. Fused with CONaO], it yields sodic ortho-yanadate, VONaog ; 
but when boiled with a solution of an alkali, it forms the meta-yanadate, the 
latter class of yanadates being more stable than the ortho-salts. Alkaline 
yanadates are soluble in water, inyersely to the quantity of free alkali, or alkaline 
salt present. Hence they are precipitated from their solutions by excess of 
alkali, or by salts (AmCl). {Moat charcKierisiic reaction.) 

Yanadic anhydride has a reddish-yellow colour, and is difficultly soluble in 
water (1,000 parts), forming a light yellow solution, which reddens litmus paper. 
It dissolyes also in th^ stronger acids to red or yellow solutions, which become 
frequently decolorized by mere boiling. It unites, howeyer, with bases more 
readily than with acids. 

A sulphuric acid solution of the acid when considerably diluted with water, 
and treated with zinc or sodium amalgam and warmed gently, turns first blue, 
then green, and finally from layender to violet. The "Vjb^ becomes reduced to 
' V3O2 ; and on the addition of AmHo, a brown precipitate of the hydrate of 
the dioxide (hypoyanadious acid) forms, which absorbs oxygen more rapidly 
than any other known reducing agent, and bleaches organic colouring matter 
(indigo solution, etc.) as quickly as chlorine. 

Many organic substances, such as oxalic or tartaric acid, sugar, alcohol, 
reduce yanadic acid, especially in the presence of strong mineral acids, to the 
blue 'V^'^iO^. The same takes place when 80s, or SHj, are added to its solutions 
in acid, 

SEAOTIOKS IN THB SBT WAY. 

Borax dissolyes V3O5 to a clear bead, eolourlessy or, with large quantities of 
the anhydride, yellow, in the outer flame, beautiful green in the inner flame. 
With larger quantities of yanadic acid it looks brownish whilst hot, and only 
turns green on cooling. 

BEACTION8 IN THE WET WAY. 

Use a solution op Sodio Metavanadate, VOjNao. 

Orthoyanadates are ^nerally yellow or reddish-yellow, both in the liquid and 
solid state. By boiling in water, the orthoyanadates of the alkalies are conyerted 
into colourless metayanadates. On the addition of an acid to a solution of a 
neutral or orthoyanadate, the solution becomes yellowish-red, owing to the for- 
mation of anhydro-salts. 

Ammonic, baric, and plumbic meta-yanadatei are but sparingly soluble in 
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water. The alkaline vanadates are more soluble in pure water, than in water 
containing free alkali, or a salt : hence they are precipitated in the presence of 
the latter. All are soluble in nitric acid, but insoluble in alcohol. 

SAms (ffroup remircnt) produces a brown coloration in the liquid, and on 
acidulating with HCl, or better with SO3H02, the soluble amnionic sul- 
pho-yanadate is decomposed, and brown peatasulpbide, V2S5, mixed 
with sulphur, is precipitated ; the liquid at the same time generally 
acquires a blue colour. It dissolves with red-brown colour in aqueous 
solutions of alkaline carbonates, hydrates, and sulphhydrates. 

If an acidified solution of an alkaline vanadate be shaken up with ether con- 
taining peroxide of hydrogen, the aqueous fluid acquires a retf-brown colour, 
like that of ferric acetate, whilst the ether remains colourless. This reciction it 
extremely delicate. 

Yanadic and chromic acids are the only acids whose salts give rise to red- 
coloured solutions. They are, however, differently Affected by reducing agents. 

REACTIONS OF THE RARE METALS OF QROUP II. 

Group II campriaes the Rare Metals, precipitated as Sulphides by 
SJJs, from a Hydrochloric Acid Solution, viz. : — 

(A.) As Sulphides, insoluble in yellow Ammonic Sulphide: — Pal- 
ladium, Rhodium, Osmium, Ruthenium. 

1. PALLADIUM, Pd" and »▼. Atomic weight, 106-5.— Occurs fiative in 
platinum ores, principally, however, alloyed with gold and silver, in a gold ore 
found in Brazil. The gold dust is fused together with silver, and the granular 
alloy heated with nitric acid, in which silver and palladium only dissolve. On 
the addition of sodic chloride, silver is removed as chloride, and the palladium 
mav then be precipitated as palladious cyanide, by means of mercuric cyanide, 
and decomposed by ignition. 

The metal greatly resembles platinum, but is somewhat darker in colour. 
Its specific gravity is 11 '8. Of all the so-called platinum metals it fuses most 
readUy, difficultly in an ordinary fire, but easily in the oxy-hydrogen flame. 
Palladium is sparingly soluble in pure nitric acid, but dissolves more readdy in 
the red acid. It dissolves slightly in boiling concentrated sulphuric acid, but is 
readily attacked by fusing with hydric potassio sulphate. The true solvent for 
it, as for most other platinum metals, is aqua regia. Palladium forms several 
oxides and chlorides, in which the metal exists either as a dyad or tetrad, thus : — 

Palladious oxide Pd"0 Chloride Pd'^Cla 

Palladio „ Pd^^Oj „ Pd'^CV 

The lower oxide is obtained on gently igniting palladious nitrate. It is 
black, and its hydrate dark brown. Both part with their oxygen upon intense 
ignition, leaving spongy palladium. The nitrate may be prepared from the metal 
by dissolving in nitric acid and concentration over a water-bath. It forms then 
a brownish-red non-crystallisable mass. 

Palladious salts are mostly soluble in water; they are brown or reddish- 
brown ; their dilute solutions are yellow. 

BEACTIONS IN THB WBT WAY. 

We employ A solution op Palladious Nitrate, N204Pdo". 

OHs precipitates a brown basic salt, from solutions containing slight excess 

of acid only. 
SHs, or SAm^, throws down from acid or neutral solutions black palladious 

sulpiiltfe, PdS, insoluble in SAmg, but soluble in boiling hydrochloric 

acid, and readily soluble in aqua regia. 
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KHo, or KaHo, pmoipitatefl a $felloun9k»hrown liaalc MiU, soluble in excess. 
OOKoj, or OONaosfpreoipitates brown palladi^ns kytfrate, PdHo,, soluble 

in excess, repreoipitated on boiling. 
AmHo, or COAmoj, produces no precipitate from the nitrate, but decolorises 

the dark brown solution. 
HI, or ■•luble i«iliiles give, even in verj dilute solutions, a Hack precipi- 
tate of pallmdlona iodide, Pdl,, somewhat soluble in excess of ^I. 

(Most eharacteristie reaction for Pd. It serres for the detection of 

iodine in the presence of ohlorine and bromine.) 
HffOysgiyes a ^ellowUh white gelatinout precipitate of PdCjsf readilj soluble 

in 'KOjt ^^^ ill AmHo. Slightly soluble in HOL It leaves on ignition 

spongT metallic palladium. 
CyAms gives no precipitate, even after the addition of SO^. (DissiHOTioy 

VBOM Cir.) 
8nCl) produces a hrowMk'hlaok precipitate, soluble in HGl, to an intense 

green solution. 

PaUadious salts are reduced to the metallic state by phosphorus, SOHO], 
VOKo, •< QOHo* metallic zinc or iron, alcohol, etc. 

PaUadious chloride, obtained bj dissolving PdS in boiling HCl, is preci- 
pitated by ammonia as flesh-coloured «minoiil« - palladlous cUorldet 
VgHePd'^Cls, soluble in AmHo to a colourless fluid, from which HCl repreoipi- 
tates it as a yeUow crystalline chloride, identical in composition. 

AmCl does not precipitate palladium salts. 

KCl precipitates a hrownish-red octahedral double eUoride, 2KC1, Pdd^ 

insoluble in absolute alcohol ; soluble in water to a dark-red fluid. 
All palladium salts are decomposed by ignition, leaving metallic paltitidium. 

2. HH ODIUM, Bh'^ >▼, and "^^ abo a pseudo-triad. Atomic weight, 104'4. 
—Found in small quantity in platinum ores, and frequently to a considerable 
extent in platinum residues. 

It is a whitish-grey metal, less ductile than platinum, and scarcely softened, 
even in the flame of the oxy-hydrogen blowpipe. The specific gravity of un- 
fused rhodium is 10*64, that of the pure metal, after fusion, 12*1. Bhodium is 
unalterable in the air at ordinary temperatures, but oxidizes at a red heat. It 
also combines with chlorine at a red heat. WTken pure it resists the action of 
the strongest acids, even of aqua regia; but when aUoyed with other metals, as 
with Pb, Bi, Co, and Pt, it is soluble in aqua regia ; when, however, alloyed with 
Au, or Ag, it does not dissolve. It is oxidized by fusion with solid caustic 
potash and nitre. Fusion with hydric potassic sulphate converts it into soluble 
potmasic rbodic anlpiiate, StOfCBh'^KsOt)^*. Mixed with sodic chloride, 
and ignited in a current of chlorine, a doable chloride of aodium and 
rhodinniy dNaCl,IUi'''Cls,120Hs, is formed, which is likewise easily soluble in 
water. 

Bhodium forms several oxides, chlorides, sulphides, etc., in which the metal 
exists as a dyad, tetrad (pseudo-triad), or hexad element, thus : — 

Oxides. 

t ^* > 

Bhodious oxide Hh'^O. 

Bhodic „ 'Bli'",0,. 

„ dioxide Bh^^Oa. 

Bhodic trioxide (anhydride, acting as a weak acid). . Bh^^Os* 

Chlorides. Sulphides^ 

Bhodious chloride Bh^'Ol]. Bhodious sulphide. . . . Bh'^. 

Bhodic chloride Bh"'Cl,. Bhodic „ .... 'Bbg^'Sj. 

or 'Bh'",Cl«. 

Q 
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Th« most impofimt eooifoiincb are the B3isGl« and BlifOs. Bbadiun salts 
an obtainecl with.dtflfoaltj, (min^ to the insolubilitj of the metal, axul Ss^oKide 
in adds. Their solutions are generally rote'Ooloured. 

BXACTI0K8 IV THB WET WAT. 

We may employ A solution ot PosAssio-BBOsia Sulfhato, or of thx 
SOUbue Chlobidb ov Sodium avb- EsoDnric. 

BKf, or SAm^, predpitatee from a. hot solution hronm rhotfift salphiae, 
BhsSi, insoliillle m SAjn^, but soluble in boiling nitrio acid.. 

KHo, OS NaHb, gives with the chloride a jfeUowish^br&wn preo^tate of 
rli»«le liytfrate, BhsHos, soluble in ezoest ; in other rh<MUc salts this 
joecipitate appears only on boili^. 

From a solution of rhodio chloride, f Ho, producing at first no precipitate, 

S'tcs, on the addition of aloohol,a brown precipitate of rkoAlc liy#mte. 
!o gives also a yellow precipitate, only formed, however, after some time, 
soluble in HCl. 
EI produces a slight yellow precipitate. 
MetaUio zinc precipitates black metallic rhodium. 

NOKa (p^taaaie nitrite) gives with the chloride an orange-yellow precipi- 
tate, which is slightly soluble in water, but readily soluble in HCL 

Bhodium is distinguiBhed from the other platinum metals by its insolubflHy 
in aqua reeia, its solubility in fusing SOsHoKo, and tiie behaviour of its chloride 
with potash and alcohol. 

8. OflHIUM, Os", L^ ^, and ▼"!» also a pseudo-triad. Atomic weight, 199*2, 
•—Found chiefly as a natural alloy of oemium iridium in platinum ores, which 
remains behind undissolved, when the ores are treated with aqua regia, in the 
form of white, metallic-looking, hard grains. This alloy is attacked by mixing 
it with common salt, or potassic chloride, and exposing it in a glass or poroelaiil 
tube to a current of moist chlorine gas. Osmic acid is formed, which volatiBser, 
and can be condensed and fixed b^ passing the fumes into a solution of caustic 
TOtash. Iridium remains behind m the tube as a double chloride, 2K0I,IrCl4. 
This salt is obtained in reddteh-hUtck regular ootahedra, by reciystallisation 
from water. The alkaline solution is evaporated with excess of sal-ammoniac, 
and leaves on ignition of the dry residue, and extraction with water, metallie 
osmium, as a black powder, or grey, and with metallic lustre. The densest 
metal has a specific gravity of 21*4 Intense white heart volatilises the metal, 
but does not melt it. In contact with air, it bums the more readily the finer 
the metal is divided, and is converted into osmlc anhydride, Ob'^^*04. Red 
fuming nitric acid, or aqua regia, dissolves osmium likewise, and oxidtzeff it te 
QwOi. Yerj intensely ignited, osmium is rendered insoluble in acids, and has to 
be fused with nitre, and then dbtiQed with nitric acid, when OBO4 disli&over: 

Osmium combines with oxygen, or chlorine, etc., in several proportions, 
thus?— 

Osmious oxide Ob"0 Osmious chloride . . . Oa'Cl^ 

Osmic „ 'Os'^jOs Osmic „ (not '08'"jCl«,6KCl 

isolated) 

Osmic dioxidb Oa^^O^ Osmic tetrachloride . OB<<fl4 

Osmious anhydride . . Oa^^^Og — > 

Osmic anhydride .... Oa^^^O^ — 

The two highest oxides combine with bases, and form osmitea and unstable 
•smates. OBO4 is remarkable for its peculiar, exceedingly irritating, and offensive 
odour, resembling that of CI and I. It attacks the mucous membrane and the 
lungs, and is excessively poisonous. It is absorbed by water, and is precipitated 
from its solutions by all metals, even by mercury and silver, as a black metallic 
jpowder. On heating a mixture of finely-divided osmium, or of the sulphide, with 
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potasflio chloride in a Btream of chbrkfe gM, tf double chloride, OmfiifiKOi, 
8OH3, is obtained, which crjstalliseB from water in dark red-brown, regular 
octahedra. The salt is insolable iil alcohol. 

The Bohition of this douHe chloride is more stable than that of the osmium 
chlorides, and may oonyenientlj be employed for studyingr the reactions. 

SBAOTIOKS IP f tttf WM WAlf. 

SHs, or SAms, giyes a browtUsh-black sulphide, Os^'S, which only sepa- 
rates when a strong acid is pKsent. The precipitate is insoluble in 
SAmf. 

KHo, or KaHo, AmHo, or OOEoj, produces' a hrotmUah-red precipitate of 
liytf rated otmle dioxide, Ot^^Ho4. 

On fusing the double chloride with OONaos, dark grey OaO] is obtained. 

Heated with tannic acid, or alcohol, with addition of HCl, the double chlo- 
ride is reduced to the hline osmious chloride, Os^'Clj. 

A solution whichr contains osmic acid (an osmate) is remarkable for its great 
•xldltlnv power. It decolorises indigo solution, separates iodine from KI,. 
converts alcohol into aldehyde and acetic acid. Sodle tulptalte yields a deep 
yiolet coloration, and dark blue otmloat ■ulplilte, SOOso'', gradually sepa- 
rates. Ferrous sulphate produces a black precipitate of OsOj. Stannous eUo- 
ride produces a brown precipitate, soluble in HOI, to a brown fluid. All 
compounds of osmium yield the metal when ignited in a current of hydrogen. 

4. ttUVBEIVIirH, Ru*, *▼, ▼*, and ^S t^ ^ pseudo-triad. Atomic weight, 
104*4. — Found in small quaaitity only, itt that portion of the platinum ores which 
remains behind, after treating witn aqtur regia. It is a greyish-white metal, 
closely resembling iridium, and yeiy difficultly fusible. When heated in the air 
it becomes coyered with bluish-bletcJc rathenlc oxide, BusOs, insoluble in acids. 
When pure, it is insoluble in aeidsj bl^g bardy acted upon by aqua regitf; 
fusion with hydric potassic sulphate even remains without action upon it. 

It is attacked, either by fusion with caustic potash and nitre, or potassic 
chlorate, and is conyerted thereby into potatsle rutlieiuite, Bu^^OjEos, a dark 
green mass, soluble in water to an orange coloured fltdd, which tinges the skin 
black, from separation of black ruthenio oxide. Adds (NO2H0) throw down the 
black hydrate. 

Or it may be rendered soluble by ignition with potassic chloride in a current 
of cUorine gus; being thus conyerted into potassic rutheiile cmorlde, 
2KCl,Bu»^Cl4. 

Ruthenium forms seyend oxides, chlorides, etc., thus : — 

Ruthenious oride Bu'O. Ruthenious chloride • . . ^ Bu^'Clj 

Ruthenic „ Oetu'^'sO, Ruthenic chloride . 'Bu''']Cl« 

Ruthenic dioxide Bu'^Oj Ruthenic tetrachloride . . . Bu^^CU 

Ruthenic trioxide Bu^^Os (known only in combination). 

(anhydride). 

Ruthenic tetroxide Bu^^^Of 

(perruthenic aiihydride). 

BBACTIOyS IK THE WET WAY. 

We may employ a solution of Ruthsnio Ohi>obii>b, 'Bu%C1^ prepared^ 
by dissolying in HGl the ruthenic hydrate, precipitated by nitric acid^ from a 
solution of potassic ruthenate. It forms an orange-yellow coloured solution, 
which col heating is resolyed- into H€9:and BusOg. 

8H) produces at first no precipitate, but after some time the fluid acquires mr 
asmre blue tint, and cteposits brown rvttaenle sulphide, BajSj. This 
reaction ie very dehieate and characteristic, 

SAm^ produces a broumish-bUick precipitate, difficultly tdhiUe in'exwss. 

Q 2 
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KBo precipitates blaeh mtlieiile liydimte, BusHo«, insoluble in alkalies, 
but soluble in acids. 

CjXs produces, in the absence of other platinum metals, after some time a 
reef coloration, which gradually changes to purple-red, and, upon heating, 
to hjlne violet tint (vertf characteristic), 

KCl, or AmCl, produces in concentrated solutions crystalline glossy violet 
precipitates of the double chlorides, difficultly soluble in water, in- 
soluble in alcohol. They are decomposed on boiling with water with 
separation of black ruthenious oxychloride. 

NOE^ forms a double salt, SNOEo, NaOsBuo'^', readily soluble in an excess 
of the alkaline nitrite. On the addition of a few drops of colourless SAmg, 
the solution assumes a splendid dark red colour, changing to droum, with- 
out precipitation of sulphide. 
Metallic zinc produces at first a fine ctture blue coloration (owing to the reduc- 
tion of 'Bu'^jGle to Bu^'Clg), which subsequently disappears, ruthenium 
being deposited in the metallic state. 

(B.) As Sulphides, soluble in yellow a/mmonic sulphide : — Ibidiuk, 
Molybdenum, Tellubiuh, and Selenium. 

1. IKIOIUH, Ir^', ^^ and ^^ also as a pseudo-triad. Atomic weight, 198. — 
Found in platinum ores alloyed with platinum, chiefly, howeyer, in combination 
with osmium, left behind as a native aUoy in the form of yery hard metallic- 
looking brittle grains, when the ore is treated with aqua regia. In this condi- 
tion, or when reduced at a red heat by hydrogen, from any of its compounds, 
it is insoluble in every acid. Fusion wiUi acid potassic sulphate oxidises, but does 
not dissolye it (Distinctiok fbom Bh). when fused with caustic soda in a 
silyer crucible with access of air or with sodic nitrate, it is likewise oxidised, 
but the compound of Ir208 and soda is only partiaUy soluble in water. By the 
action of aqua regia the latter is dissolyed to a deep black liquid, containing, the 
donlile ehloride of iridium and ■odluiii, 2NaGl,IrCl4. This same com- 
pound is also obtained when a mixture of the iridium powder and dry sodic 
chloride is heated in a glass or porcelain tube in a current of chlorine gas, and 
the residue dissolyed out with water. 

Iridium forms numerous compounds with oxygen, chlorine, iodine, sulphur, 
etc., in which the metal exists as a dyad, pseudo-triad, tetrad, or hexad, aa will 
be seen firom the following list :— 

Oxides. 

I ' » 

Iridious oxide Ir"0. 

Iridic ,, 'Ir^'A- 

Iridic dioxide (most stable) Ir^^O]. 

,» hydrate (bulky, indigo coloured) Ir'^Ho4. 

Iridic anhydride (not known in the free state) Ir^^Og. 

Chlorides. Iodides. Sulphides. 

Ir"Cl^ . Ir'Ijj. Ir'S greyish bUdc? 

'Ir^'jCV 1r'",Ie. Ir^'aSj brownish black. 

Ir»^OL|. Ir»^l4. 

All iridium chlorides are capable of forming crystalline double chlorides with 
the chlorides of the alkali metals. 

BEAOTIONS IN THE WET WAY. 
A SOLITTION 07 THE DOUBLE GhLOBIDB OF SODIUK AND IbIDIUIC, 

2NaCl,IrGl4, may conyeniently be employed. 

3Hs first decolorises the iridium solution, with separation of sulphur and 
reduction of the Ir>^Cl4 to 'Ir'^'^l^, and fiimlly precipitates brown iridic 
•nljptaidey 'Jr^'aSj. 
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BArsa^ produces the same preoipiiatoi readily soluble in excess. 

KHo or NaHo added in excess colours the solution ffreenM, and precipi- 
tates a little brownish black potatsic doulile chloride. On heating 
the liquid with exposure to the air, it acquires at first a reddish tint, 
which changes afterwards to azure blue (Distiwctioit vbom Ft), and 
when eraporated to dryness and taken up with water, a colourless solution 
is obtained, and a blue deposit of Irtdlc dioxide is left undissolved. 

KCl precipitates dark brown poUutle Irldle cUoride, 2KCl,IrOl4, in- 
soluble in a concentrated solution of potassic chloride. 

AmCl throws down from concentrated solutions a dark red powder, consist- 
ing of small octahedral crystals of the amnionic doulile cUorlde, 
2AmCl,IrOl|, insoluble in a concentrated solution of the precipitant. 

Reducing agents^ such as potassic nitrite, oxalic acid, lerrous sulphate, 
stannous chloride, merourous nitrate, reduce this double salt (as well as 
the potassic double chloride) especially when in hot solutions, to the sesqui- 
salt, e.g, .-— 

2(2K01,Ir»'a4) + 4KOKo - eK01,1r'*'j,01« + 2HOaKo + HA- 

The double chloride crystallises out on cooUng. 

When Ir*^Ho4 is suspended in a solution of potassic nitrite, and the solution 
saturated with sulphurous acid and boiled, with renewal of the water as long as 
SOj is given off, the whole of the iridium b converted into insoluble browmtil^ 
green Iridic tnlptalte, SO(IrO)'V,40H2 (Sbpabation tbom Pt). 

Metallic sine precipitates black metallic iridium. 

Note. — ^For the separation of the so-ealled platinum metals we must refer 
the student to some larger work on Chemistry, such aa " Watts' Biotionaiy." 

2. MALTBDBNUflly Mo'^ ^^ ^*, and ▼ui, also as a pseudo-triad. Atomic 
weight 96. — Occurs only in a few minerals, more especially in molybdic disul- 
phide {Molybdenite), Ko^^Ss, resembling graphite, and as plumbic molybdate 
Xwulfeniie, or yellow-lead ore), KoOjPbo''. 

Molybdic anhydride, KoOs, serves for the preparation of ammonio molvbdate, 
a reagent largely used now in determining phosphoric acid, and best obtained 
from molybdenite, by first roasting the ore, at a red heat, in an open vessel, 
and dissolving the impure anhydride in strong ammonia. An acid ammdnio 

r KoOsAmo 
molybdate, \ O + OH3, crystallises out, on cooling, in large trans- 

it KoOsAmo 
parent crystals. The metal is prepared by intensely heating the oxide in a 
charcoal-hned crucible. It is a silver-white, brittle and exoeedinely infusible 
metal, of specific gravity 8*6. It is not affected by exposure to the air, but when 
heated it becomes first brown, then blue, and finally white, passing through 
various stages of oxidation till it is converted into molybdic anhydride, HHiiOy 
Molybdenum is insoluble in HGl, but is acted upon by NO3H0, or aqua regia, 
being converted into the anhydride, if sufficient nitoic acid be present. 

It forms with oxygen, chlorine, sulphur, etc., compounds m which the metal 
exists as a dyad, pseuao-triad, tetrad, hexad, and octad ; thus :— 

Oxides. Chlorides. Sulphides. 

f *-~> ( * > r ■* \ 

Molybdous oxide, Ko"0 Ko'Cl,. 

Molybdic „ 'Mo^'jO,. 'Ko'^Cl*. 

= KoO,Ko03. — 

Molybdic dioxide, lHo^'^O^ Ko>''Cl4. Ko*^, (the native molybdenite). 

Molybdic trioxide — Ko^^Ss (sulphomolyboic aahy- 

or anhydride, KoOg. — dride). 

j£o^*"S4 (per-sulphomolybdio 
anhydride). 

The higher oxide (anhvdride) and sulphides form oxv- and sulpho-salts, — 
molybdat'es and sul^ho-molybdatee. Black molybdous hydrate, Bto H02} forma 
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with adds molyhdou$ salts, which abeorh oxygen Te»dl]y fyom the air, nad are 
powerful redaolng agents. The prijicipid Baits are, howerer, the molj/bdaiet,^ 

BEAOnOKS IK THE DBY WAY. 

Molybdio anhydride, when heated on charooal, in the outer flame if rolatilized 
and forms a yellow crystalline sublimate on the charcoal which turns white, on 
cooling ; in the inner flame it is reduced to the metallic state (even without 
OONaoj) ; the metal can he ohitained as a grey powder, on leyigating the char- 
coal. With borax, all oxides of molybdenum gire in the outer flame a bead 
which is yellow, when hot, and colourless, on cooling ; in the inner flame^ a dark' 
hr^tn b«mA, vhich is opaque, when excess of molyUenum has been used. 

BEACTI0N8 TN THE WET WAT. 

We employ A soLUTioy (^ Ahmovio Moltbdate. 

The alkaline molybdates are soluble in water. Mostoth«» are insoluble. 

Nitric, or hydrochloric acid, precipitates white molybdlc ACliI, KoOsHos, 
iro^ai a conoentiyKted solution of t^ -molybdaite, ppiuble, howererj in • Ifufgo 
excess of the acid. 

SHj gradually precipitates from acidulated solutions hrownish-blacJk molyb- 
dlc tertulphltf e, KoS}, soluble in alkaline sulphides to sulpho-salts, 
which are decomposed again by adds with precipitation of KoSs, espe- 
cially on the application of heat. On the aadition of a little 9^3 only, 
the molybdate solution acquires at first a blue tint; added in iaiger 
quantities, it produces a precipitate, and the supernatant fluid appears 
ffreen, till on the addition of excess of SH] the whole of the metal sepa- 
rates, though slowly, as a tersulphide. 

SAmj gives a similar precipitate, soluble in excess. 

Beduolnv aventt, uxxth as BnOlj, N304Hg3o'^ Zn mcS- SCII» elc., prodnoe 
changes, marked chiefly by alterations in colour. 

The principal and most characteristic reaction for mcdybdie anhydride con* 
sists, however, in precipitating it in a nitric ctdd soUition, ae yellow plioa- 
plio«iiiolylitfatte9 or au*acBlo«nioly1idai;e, by the addition of a mere 
taraoe of a soluble phosphate, or arseniate. (Comp. p. 136.) 

8. TELLUKIUH, Te", »▼ and ^. Atomic weight 128.— Occurs in a few 
places, and in small quantities only, as native metal {graphic and foliated teUw 
rium) ; more often in combination with Au, Ag, Bi, Pb, as a {sulpho)'teUnride, 
analogous to arsenides, etc. ; or as tellubous aoid, in combination with metaUio 

Tellurium exhibits all the physical properties of a metal, and resembles anti« 
mony in its genial appearance. It is a white, brittle, but readily fusible metal, 
which may be sublimed in a glass tube. When heated in the air^ it bums with a 
greemsh'bUke flame, emitting thick white fxunes of tellarout mntaydrt^e, TeOj. 
The metal is insoluble in HOI, but dissolves readily in NO3H0, forming TeOs, ^ 
white substance which fuses to a yellow fluid, at a genUe heat, and vc^tilisee on 
stronger ignition in the air. Tellurous anhydride dissolves barely in wat^r, and 
the solution does not redden litmus ; readily in HCl, less so in TXOJSLo, It also 
dissolves freely in potash, or soda, slowly in ammonia, forming alkaline tcllaritea. 
On dilution with water, white tellurous hydrate, TeOHo^, is precipitated from 
an acid solution. A nitric acid solution slowly deposits crystolUne tellurous aeid, 
even without the addition of water. 

Tellurium forms sever^ oxides, chlorides^ sulphides, eic.; in which the metal 
is a dyad, tetrad, or hexad ; thiv^: — 

Oxides. 

r ' \ 

Tellurous oxide (anhydride) Te^^O^ 

„ acid TeOMO). 

Telluric oxide (anhydride) Te^O,. 

,1 acid TeOjHos. 



REACTIONS OF THE RAKE HSTALS OF GROUP H. 231 

OhloridM. SulphidM. 

TelhuouB, or diohloride T«01^ ^— 

lUluric, or totanohloride T^Gl^. TaSf. 

— TeS,. 

It alflo fixmi with hydrogen ft gMOoas oompound, iellmriHM igfdrn^em (or 
k^drotelUtric aeid), Ta^Hs. 

Both the di- and ter-oxide are capable of forming with metallic bases salts 
called tellurites and telUirates, The alkaline and aualine earthy tellurites^ 
formed by fusing tellurous acid with the carbonates of these metals — an all 
more or less soluble in water ; all others obtained by doable decomposition toe 
insoluble. The tellurates of the alkali metals, prepared in like manner, are also 
soluble in water ; the others are insoluble. Tney can be prepared by doable 
decomposition. 

The sulphides of. this metal act as sulpfae-ftddsi tenung, with the alkaline 
sulphides, eulpko-tellurUee and teUuratee* 

BXA0TION8 nr THE 3>BY WAY. 

When tellurites, or tellurates, are heated with charcoal and OOEoj, they ore 
reduced to poUutie tellnride, Te''£» which produces a black stain on a moist 
silyer plate, and is soluble in water, forming a dark-red solution. When HCl is 
added to this solution hydrotellurle rnxML yss, Ta'H], is erolred, nsembling 
SH] in smell, and soluble in water, to a pale red solution, which is decomposed in 
contact with air, with deposition of metallic tellurium. 

All compounds of tellurium are readily reduced on charcoal in the inner 
flame. The reduced metal is Tolatilised and forms a white scarcely risible 
deposit of tellurous anhydride on the charcoal. Stannous chloride colours it 
black, owing to the separation of metallic tellurium. 

With borax or microcoemic salt a clear colourless bead is obtained, which 
when heated on charcoal, is rendered grey and opaque, owing to reduced metfd. 

BXAonoNS nr thb wbt way. 

LUBATB, TaO^Kos (obtained by fusing potassic tellurite with nitre). 

Hd does not decompose tellurates in the cold, but on boilinff the solution 
chlorine is evolved, and on dilution with water tellurous acid, TaOHoj, is 
precipitated, soluble only in a considerable excess of HCL (DiffriKO* 
TiOF OF TaOs 7B0M TaOj.) 

B. TELLUROUS COMPOUNDS.— XJbB A SOLUTION OV POUUUIO TSb^ 
LVBITB, TeOEO]. 

HOI decomposes this solution and precipitates white tellurous add. Tel« 

lurium resembles in this respect 8b and Bi compounds. 
8H3 precipitates firom add solutions hrawm telluro«« MUpktda, TaS^, 

resembling in colour SnS, and retry freely soluble in ammonio sulphide. 
Raduclnff amenta, 0.^., SONaoj, Snd^ metallic zinc and HCl, a solution 

of sulphurous acid, etc., reduce tellurium compounds and precipitate 

black metallic tellurium. 

4. SELENIUM, Se'', i^ and ''i. Atomic weight 158.— Found iia^v0,also 
as SBLBVIDB of Cu, Pb, Hg, Ag, Fe, etc. It is occasionally found in the flue* 
dust of roasting fiimaces, and as a seleniferous deposit in the lead chambers of 
sulphuric acid works, where the acid is manufacturod from seleniferous pyrites. 

It resembles the non-metallio element, sulphur, in many Teq>ect8, e^., in 
exhibiting alike allotropio changes ; in others the metal teUuziunu It is 4 
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brittle -dark-brown substanoe, fuses at 200° 0., and Taporises at about 700^ C, 
and may be sublimed. Heated in air it bums with a bluish flame and forms 
■elenlons antayilrltfe, S^Oj, whilst at the same time a disagreeable odour of 
decaying horse-raddish is giyen. off. The same oxide is formed when selenium 
is diBsonred in nitric acid, or aqua regia. Selenates containing ■elenle an- 
liytf rifle, SeOs, are formed by heating selenium, or its compounds, with carbon- 
fttes and nitrates of the alkaUes. These oxides form two series of salts, vis., 
selenites and selenates. The selenites are the more stable of the two. 

BBAOTIOKS IK THB PBY WAY. 

Selenium compounds are reduced, when heated with OONaOs, on charcoal, in 
the inner blowpipe flame, and ma^ be readily recognised by the characteristic 
smell of hoTse-raddish which they giye off. If the saline residue, which contains 
sodic selenide, GtoNa^, be placed on a brijirht silyer coin and moistened with a drop 
of water, a black stain is produced on the silver. Treated with dilute HCl, it 
eyolyes gaseous taytf roselenle AcM^selenietted hydrogen), S^Hj, analogous in 
composition and properties to sulphuretted hydrogen. It is an inflammable, 
foBtid, poisonous gas, yery soluble in water. The aqueous solution of GtoHj 
gradually deposits selenium on exposure to air ; it precipitates selenMea from 
solutions of many metallic salts. 

BEACTIONS IN THB WET WAY. 

A. SELEWIG GOHPOimOS. — USB A BOLUTIOK OP POTASSIC SblBNATB, 
SeOsKos. 

Selenates are stable salts, closely resembling the sulphates. They are soluble 
in water with the exception of the barium, strontium, calcium ana lead salts, 
which are insoluble in water and in dilute adds. 

HCl decomposes selenates, on boiling ; chlorine is eyolyed, and the salt is 

reduced to a selenite. (Disttnction from S^Oj.) 
8H3 does not produce a precipitate, till the selenate has been reduced to 
selenite, by boiling with HCl. 
' BaCl^ produces a white precipitate of baric selenate, SeO^Bao'', insoluble 
in water and in dilute acids ; decomposed by boiling HCl. 

.. B. SELENIOUa COMPOUNDS.— USB A SOLITTIOK OT AX AlKALDTB 

Sblbnitb. 

The normal alkaline selenites are soluble in water, most others are insoluble ; 
all acid selenites are soluble. HCl does not decompose selenites. 

. 8H3 produces from an acid solution of a selenite, a lemon-yellow precipitate 
of selenlaus snlptaltf e, S^Sj (?) readily soluble in ammonic sulphide. 
BaCl] e:iyes a white precipitate of haric selenite, fitoOBao", soluble in dilute 
HCl, or NOjHo. 

* Ketf uclnv avents, such as SO3, alkaline sulphites, SnCl^ metallic Zn, and 
Fe, precipitate from acidulated (HCl) solutions metallic selenium, as a 
red powder, which turns grey at a high temperature. (S02Feo" is with- 
out action). Metallic copper is immediately coated black when placed in 

, a warm solution containmg hydrochloric add, and on standing, the solu- 

tion turns light red, from separation of metallic selenium. 



Group I comprises the Hare Metals precipitable by HCl, viz., 
the metal Tungsten, or Wolfram, which is precipitated as tungstic 
kcid, WOsHo-z, and Thallium precipitated as thallious chloride, TlCl. 
Several other metals already treated of in Gronp III besides 
Thallium, viz., Niobium, Tantalum, Molybdenum, are likewise pre- 
cipitated, but the precipitated acids (NbOsHo, TaOsHo and 
MoOsHoa) dissolve again in an excess of hydrochloric acid. 
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1. VUNCISTEllI, or W«LFKAM, W^^ and '^. Atomic weight 184.— This 
metal oocars in nature as teroxide in the form of tungstates, in combination with 
the bases OaO, FeO, KnO, in the minerals wolfram, WOj [Feo^' Mno'Q and 
tunffgten, "WOfivuo". 

The metal can be obtained hj intensely heatint; the oxide in a current of 
hydrogen. It forms an iron-grey powder, very difficultly fusible, and becomes 
•gain oxidised to tungstio anhydride, WOg, when heated in air. Dry chlorine 
gas converts it into dark violet, WCl^, whi(^ sublimes, and a more volatile red 
compound, WCI4. Both chlorides are decomposed by water into the correspond- 
ing hydrates, with formation of HOI. The metal b insoluble, or scarcely soluble^ 
in acids, even in aqua regia. 

The following are some of the more important compounds which tungsten 
forms with oxygen, chlorine, and sulphur. 

Oxides. Ohlorides. Sulphides. 




Tungstic anhydride (lemon-yellow) .... "W^^Os. W^^Clg. 

Tungstio dioxide (brownish-black) .... W^*Oj. W*'Cl4. 

Intermediate (blue-coloured) oxide .... W2O5. WOI5. 

« Wi^Oj, W^Os - WCl4,WCl6. 

Tunestic anhydride can be prepared from toolfram or tungsten, by digesting 
the finely divided mineral in aqua regia, till it is completely decomposed, and 
evaporating to dryness on a water-bath. The metallic chlorides are dissolved 
out with acidulated water, and the residue, which contains a little silica and some« 
times niobic acid, washed with alcohol and treated with ammonia. Tungstio 
acid is dissolved, and silicic and niobic acids are left behind. From the ammonia 
salt, pure anhydride is obtained by the evaporation of the filtrate and ignition. 

BBACTIOKB IK THB DBY WAY. 

When heated on charcoal in the reducing flame, together with OONaos ^^^ 
KOy, tungstic anhydride is reduced to a black powder, containing metallic 
tungsten. Heated with microcosmic salt, tungsten compounds give a colourless 
bead in the outer flame ; in the inner flame a hUte bead, which on the addition 
of a little SO^Feo" changes to blood-retf . The addition of tin changes the red 
bead to blue or green. 

BEACTIOKS IN THB WBT WAY. 
We KAY EMPLOY A SOLUTION OV SODIO TUNGBTATE, WO^NaO,. 

The alkaline tungstates are soluble in water, aU others are insoluble, and can 
be obtained by double decomposition. 

MlnenU adds (HOI, NO3H0, or SOjHoi) precipitate white tniiffstle acid, 
WOjHO]. It turns yellow on boiling, and is quite insoluble in excess of the 
adds. (Distinction fbom KoOs). Non- volatile acids (e.g., phosphoric, tar- 
taric) precipitate it likewise, but the precipitate is soluble in excess. It is also 
readily soluble in AmHo. 

8H3 produces no precipitate from an acid solution, but reduces the tungstic 

acid to the blue oxide, W3O5. 
SAm2 produces no precipitate from alkaline tungstates, but on acidulating 

with HOI, light brown tunffttlc tersnlphlde, WS, is precipitate(C 

slightly soluble in pure water, but insoluble in the presence of salts. The 

solution is coloured blue. The precipitated sulpliide dissolves readily in 

ammonic sulphide. 
SnOls gives at first a yellow precipitate ; on acidulating with HOI and 

applying heat, the precipitate acquires a beautiful blue colour. This 

reaction is very delicate and highly characteristic » 



234 



APPENDIX IL 



REAGENTS. 
SOLVENTS. 

JHatUled Water** — Obtaiiied by condensing steam bj means of a tin worm. 
^IhB first portions of the condensed water usually contain carbonic anhydride and 
ammonic carbonate, and should be rejected. 

ImfuriUea. — ^Wfaen eyaporated in a platinum yessel, distilled water should 
not leave a solid reodue, either organic or mineral Ammonic sulphide ought 
not to giye a precipitate (Go, Pb, Fe), neither ought basic plumbic acetate to 
cause a turbidity (OOj, OOAmoj). No turbidity or precipitate should be pro- 
duced, moreoyer, on the addition of ammonio oxalate (lime), boric chloride (sul- 
phates), or argentic nitrate (chlorides). Pure distilled water is oolonrlest, 
modorous, and tasteless. 

Water used for Nessler't test ehould be meially distilled in a glass retort 
with a few pieces of caustic potash, and -the distillate rejected as long aa tiio 
Nessler solution indicates any traces of ammofnia. 

Aleotaol (Methylated Spirit), OsHsHo or EtHo. — Ordinary methylated 
spirit (i.e., ethylic alcohol, 90 p. c, mixed with 10 p. c. of wood spint or methylic 
alcohol) may be employed for most purposes. It can be rendered absolute by 
shaking with well cbied potassic carbonate and distilling the dear spirit in a flaw 
or retort from a water-biath. 

Impurities. — Commercial methylated spirit frequently leayes a residue on 
eyaporation, if so, it should be rectified by distillation. It should be without 
action upon litmus papers. 

Ether, OEtj. — The ordinary ether (methylated, t.e., prepared from methy- 
lated alcohol) of commerce, is pore enough. 

ACIDS. 

aulphurlc AeM,* SOsHo].— Common oil of yitriol may be used in all 
operations with which its usual impurities (lead, axsenic, iron, lime, nitric add) do 
not interfere. Sulphuric add, free from arsenic, should be employed for genera* 
ting arsenietted or antimonietted hydroeen, and an add free from lead, whenerer 
this metal has to be predpitated as siuphate. Sulphuric add, free from nitric 
add and nitric peroxide, ought to be employed in testing for nitric add by means 
of ferrous sulpmite. 

Impurities. — Pure sulphuric acid is coloiirless, and leayes no residue on evapo- 
ration in a porcelain dish. When a solution of ferrous sulphate is poured upon it 
in a. narrow test-tube, it should not form a brown ring where the two liquids 
come in contact (nitric add and nitric peroxide), nor strike a blue colour when a 
highly diluted solution of the acid is added to a solution of pure potassic iodide 
and starch paste (nitric peroxide). The presence of arsenic is best ascertained 
by passing a current or sulphuretted hydrogen through the dilute add, or by 
generating hydrogen from zinc free from arsenic, and passing the gas through an 

* The asterisk marks the more imporiant reagents. 
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u^ted (Hymbiution tube (MmtbIi'b test, Fig. 14). Plumbip-folDhate is frequently 
^unid in sulphurio aoid, and is precipitated on diluting witn water, being leas 
soluble in dilute than in concentrated acid. Hydrochlono acid should cause no 
turbidity (lead) where the two liquids meet. 

The pure acid can readily be bought now, and the student should not attempt 
to purify the crude add. 

BUnte Sulpliurle AcM.* — Pnepared by pouring slowly one part bj 
measure of the concentrated acid (sp. gr. 1'8) into five parts by measure of dis* 
tilled water, with continuous stirring. Thin glass yessels (beakers) or a porcelain 
dish should be employed, as much heat is evolved. .Allow the plumbic sulphate 
to subside, a«d decant or syphon off the clear liquid. 

Nltrle AeM,* Aquafortis, IfOsHo. — Should be eolourleis, and leave no 
vesidue on evaporation in a glass dish. 

/t»p«rf7i0«.— Sulphuric and hydrochloric acids. Dilute considerably, and test 
portions with baric nitrate and argentic nitrate. 

Dilate Nltrte Aeld.* — Prepared by diluting one part of pure oonunercial 
aeid (sp. gr. 1*88 to 1*45) with three parts of distilled water. 

Grade Nltrie Add.* — ^May be employed for all experiments in which the 
above impurities do not interfere, e.y., in the preparation of NjO, or IfjOj by 
the action of nitric acid upon copper or anenious anhydride. 

Goneeatimted Hydroehloric Add,* Murlalte AeM, HOI. — Should be 
c<dourles8, and leave no residue on evaporation. 

Impurities.-^Yerno chloride, sulphurous and sulphuric acids, arsenic. The 
add should not impart a blue colour to a solution of KI and starch paste (CI or 
FosGltf). On adding a few drops of a solution containing iodide of starch, the 
blue colour should not be destroyed (8O3). The dilute acid should remain clear 
on the addition of a solution of baric chloride (SO2H02). Sulphuretted hydro- 
gen, when passed through the dilute add, should not produce a precipitate 
(arsenic), nor should ammonic sulphocyanate redden the diluted add (iron). 

Dilate Hydroclilorle Add.* — Pure commercial acid, sp. gr. 1*16, is diluted 
with three times its bulk of distilled water* 

€rade Hydroelilorlc Aeld.*'~6hould be employed, whenever the impuri- 
lies which it contains do not interfere wil^ the objeet in view, as for instance in 
the preparation of chlorine irom manganie dioxide. 

Aqua Deffia or Nitroliydrdcliloric Add, — ^Prepared, when required 
only, by mixing one part cf Mmcaatabted mtado aM wifib three to four parts of 
hydrochloric add. 

Sttlpliarottt Addf SOHo}.—- Prepared by acting with concentrated sul- 
phuric aeid upon copper, and passing the gas into water. The solution should 
be kept in a well stoppered bottle. 

Gmrbonle Acid Water, — A solution is prepared by acting with hydro- 
chloric acid upon marble, and passing the evolved carbonic anhydride into 
water. 

Chlorine Water. — A solution of chlorine in water is readily prepared. It 
should be kept in a well-stoppered bottle, and in a dark place, since. 00 exposure 
to light, it is speedily converted into HCl with evolution of oxygen. 

{OH 
OOHo" ^^^ eoQunecdal add of sp. gr. 1*04, diluted with 

one part of water may be used. It should leave no residue on evaporation. 
JDipffrt7te«.— Sulphurio and hydioohloric adds, lead, copper, iron, lime. 
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Tartarie Add, TH03. — ^A solution is prepared when required onlj, as the 
.acid undergoes decomposition in an aqueous solution. One part by weight of 
commercial tartaric acid of sufficient purity is dissolved in three parts of water 
(i.e., 1 grm. in 3 c.e. of water). 

Impurities. — Tartaric acid contains sometimes gypsum and calcic tartrate, 
which are best tested for by igniting a few crystals on platinum, extracting the 
residue, if any, with a few drops of dilute HCl, and adding to one portion BaClj, 

to another AmHo, and •< nOAmo' 

Oxalle Aeltf* •< flQ;D'^* ^0 oommeroial aoid ii sufficiently pure. It 

ehould not leave more than a trace of a residue on ignition. 

Impurities. — Iron, potassio and sodio. oxalates, lime. Dissolve one part by 

weight of the crystallised add, -j nOHo' "^ ^ '^^'* ^ ^^ p<urts by measure of 
water. 

Hytf roflnoiie Add, HF. — A solution stored up in a gutta-percha bottle is 
best bought, as its preparation involves expensive apparatus. It should leave no 
fixed residue on evaporation to dryness. 

Hytf roflnotlllcle Add, 2HF,SiF4. — A solution of this acid in water is 
prepared, as described, p. 133. It should be made sufficiently slrong to precipi- 
tate a soluble baric £alt readily. 

Impurities. — Owing to the mode of preparation the acid is often contaminated 
with sulphuric acid. It should not produce a precipitate in a solution of a 
strontic salt (SOsHoj). 

HytfroKUlphnrle Add, 8H2. — Prepared when required. In well ap- 
pointed laboratories sulphuretted hydrogen is now usually stored in a gasholder 
over oil, and supplied like coal gas from small taps, in closets, connected with the 
chimney. The gas, whether obtained from a constant generating apparatus, or 
from a gasholder, should invariably be passed through a wash-bottle containing 
water. A saturated solution of sulphuretted hydrogen in water answers most 
purposes of the analyst. It should be kept in a well-stoppered bottle, since 
sulpiiuretted hydroeen decomposes rapidly when in contact with air with forma- 
tion of sulphur acids and precipitation of white sulphur. 

If the gas be required entirely free from AuiHs, it should be generated by 
acting with pure HGl (concentrated) upon native ffrey atUimony, sS^. 

BASES AND METALS. 

Potasde Hydrate,* KHo, dr dodlc Hydrate, NaHo. — Usually obtained 
in commerce in the form of sticks or lumps, which may be dissolved in twenty 
parts of water. 

Impurities.'^ Bilicek, alumina, phosphoric, sulphuric, and hydrochloric adds 
(sulphates and chlorides, often in not inconsiderable quantities), and carbonic 
acid. On dissolving in wat«r, and allowing the suspended matter to subside, the 
dear solution may be syphoned off. 

Pure sodic hydrate is indispensable for the separation of alumina from the 
oxides of iron and chromium. 

Ammonie Hydrate,* AmHo. — The liquor ammonia of commerce, sp. gr. 
*88, is diluted with distilled water till the liquid has a sp. gr. of *96 -« 10 per 
cent, of NH^ 

• Impurities. — ^A solution of ammonia should be colourless ; on neutralizing 
with pure HCl it should remain inodorous. "When evaporated in a glass or 
platinum dish, it should not leave any residue. Ammoma contains frequently 
traces of sulphuric and hydrochloric acids, and sometimes not inconsiderable 



REAGENTS. 237 

quantities of aaimoiue oarbonate, when it prodnoes a white pfedpitate on the 
addition of lime water. 

Barie Hydrate,* BaHos. — Obtained by difsolying in a stoppered bottle 
one part of crystallized bario hydrate, BaHo] + 8aq. in twenty parts of water. 
Allow to subside and syphon off into another well-stoppered bottle. 

Impuritie*. — ^The solution commonly called baryta^waier should, on prooipi- 
tating with pure SOjHos, give a filtrate which leares no fixed residue on erapo* 
rating to dryness in a platinum ressel. 

Caleie Hydrate,* OaHo^. — Freshly slaked lime in powder is used in 
qnalitatiye analysis, as well as a solution of lime, so-called Itme-water, This is 
prepared b^ dissolTing in cold distilled water some freshly slaked lime, allowing 
to subside m a stoppered bottle, and syphoning off the clear liquid into another 
bottle. Lime-water contains about 1 part of lime dissolved in 600 of water. 

Aminonle Sulplilde,* SAmj. — ^Prepared by saturating three parts of 
ammonic hjdrate with sulphuretted hydrogen gas, whereby SHAm is formed. 
On diluting this solution of hydrio ammonic sulphide with two parts of ammonic 
hydrate, a sulphide is obtained which contains a little free ammonia. The con- 
centrated solution may be diluted with ten times its bulk of wafer. It should be 
kept in well-stopperea bottles. Calcic or magnesio salts should not be precipi- 
tated ; nor shotdd the solution leave a residue on evaporation and ignition. The 
oxygen of the air decomposes it gradually into NHs, OHj and yellow SSAm2. 

Tellow Ammonte Sulplilde, SSAnis. — Used for the solution and con- 
version of SnS into SnSs. It may be prepared by digesting the neutral SAmj 
with flowers of sulphur and filtering the liquid. 

Sodle Sulphide, SNas. — ^Prepaxed by saturating one portion of a solution 
of sodic hydrate with sulphuretted hydrogen, and adding to it the second portion. 
A little ferrous sulphide, which is generally precipitated, is filtered off. The 
solution must be kept in a weU-stoppered bottle. 

SALTS. 

Pataasle Sulpliate, SO3E03. — DiBsolve one part of the commercial salt 
tn twelve parts of water. 

Potastle Iodide, £1. — ^The commercial salt is generally sufficiently pure. 
Dissolve in sixty parts of water. Pure KI should be free from ioiate and 
carbonate. It should not colour starch paste blue on the addition of dilute 
SOiHot. 

Potaatle Nitrite, NOKo. — ^Dissolve one part of the commercial salt in two 
parts of water, when required for use. 

Potassie Clironiate, OrOaKo^. — ^Dissolve the salt of commerce in ten 
parts of water. 

ImpuriHes. — Sulphuric acid. The solution ought not to become turbid on 
the addition of dilute HCl and BaClj. 

DIpotaaate DIelironiatey OrjOjEo}. — ^Purify the commercial salt by re- 
eiystalUsation till it Ib free from SOjEoa, and dissolve one part in ten of water. . 

Potaasle Hetantimonlate, SbOaKo -»- 6 aq. — Prepared by deflagrating 
in a Hessian crucible one part of finely powdered antimony with four parts of 
saltpetre. Pour the fused mass on a stone slab. Powder it, and boil with twelve 
parts of water for two or three hours, and filter, when a clear and neutral solution 
is obtained. KCl and AmCl should not precipitate it. 

Potassie Ferroeyanide,* K4FeGy6, and Ferrieyanide, EeFesCyu. — 
These salts can be purchased in a state of sufficient purity. They are dissolved; 
in small quantities at a time, in twelve parts of water. 
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PvlmMle SnlptaoeyAmiM, Cy£fl, o* AnmiAiile a«ipfc»cyMmte» 

CyAins. — Dissolve in 10 parts of water. 

Im^Hirities, such as SO2H0S, do not interfere with the reactions. 

•odle Carlioiiate,* 00!N'aoi.*<-Procare the j>«r« salt, which should he free 
from sulphate and chloride. The solution shoidd not give a precipitate after 
oonyersion into a nitrate, when treated with concentrated- NOsHo- and 
KoOsAmoj, and should not leave a residue, insoluhle in water, on aeiduhiting 
with pure HCl and evaporating to dryness (BiO^. 

Dissolve the dry salt in five parts of water. 

Hy«rlc BlM«ie Ptaosplmtey* POHoNao, + 12 aq.'-'Kecrystallise the 
eommercial salt and dissolve one part of pure salt in ten parts of water, 

Jm|mr»^ie«.— Sulphate and onioride. — ^Amnionic hycbate should not cause 
any turbidity on warming (alkaline earthy phosphates). 

{OH 
CON '*' ^ ^' — '^^ oomniefeiai' sttR gemsmQycM&tains 

sodio sulphate. If a pure salt cannot be procured, sodio acetate may be prepared 
by neutralising pure sodio carbonate with pure acetic acid. Dissolve the salt in 
ten parts of water. 

Sodic Acetate and Acetle AcM. — ^Dissolve 20 gnns. of pure crystal- 

f OH 
lised •< QOlTao ^ ^^ ^'^* ^ watery and add 40 o.c. of concentrated 

{OH 
^Q^ . This solution is used for ihtfi ^t^ipHuidefti 6i f«n»o, alaniuiiSr and 

chromic phosphates. 

Hydrte Sodle Sulpliite, SOHoNao. — Dissolve one part of the salt in 
five parts of water. Hydric ammonic sul)phite may frequently be used with 
greater advantage. 

Sodle Hypotnlplilte, SSOKao) + 5 aq. — ^^Beadily procurable in a pure 
state. Dissolve one part of the salt in forty parts of water. 

Sodle Hypoelilorlte, GlNao.*^£reptfired by shaking up i>ne part of bleach- 
ing powder with ten parts of water, and adding a saturated solution of commer- 
cial sodic carbonate aa long as a precipitate is produckl. Allow to subside, and 
syphon off. 

OOAmo "*" *^* — ^^*"fy *'^® commercial salt by 
recrystallisation and dissolve one part in twenCy-four parts of water. 

ImjMtrities. — ^The salt should leave no fixed residue on ignition. Sul- 
phuretted hydrogen or ammonic sulphide ought not; to-produo&» turbidity or a 
precipitate. 

Aatmoale Carbonate** OOAmos. — Prepared by dissolving one part o(E the 
commercial sesquicarbonate, after scraping off from the lumps any foreign 
matter, in four parts of water and adding one part of strong ammonia solution. 
If a precipitate of ferric hydrate be thrown down, it is allowed to subside, and 
the clear solution is syphoned off. 

Tmpnrities.— Iron, lead, sulphuric and hydroehlotfo aci^. The saR ^Hould 
Tolatilize completely and give no precipitate with baric chloride, or argentic 
nitrate (after acidulating with hydrochloric or nitric acid respectively),, also no 
precipitate with sulphuretted hydrogen or ammonic sulphide. 

Hydrle Ammonle Carbonate, OOHoAmo.^-Obtained in colourless 
rhombic prisms, on passing carbonic anhydride to supersaturation into a 
concentrated solution of ammonia. The sidt is employed for the sepoiHtion 
of AssSg horn Sb^Ss and SnSs. A saturated solution is prepared when 
required. 

Ammonle Chloride,^ AmCl.-/nie commeroial salt (sal-aminoniap) usually 
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oontains iiOir. Ptnifir by adding to ^m solution a little ammonio hydrate. 
Allow the ferric hydrate to sabside and neutraUse the alkaline filtrate exactly 
with pure HGl. The salt should leare no fixed residue on ignition. Dissolve in 
fire parts of water. 

ABtmoiilc Molybdatef KoOsAmO). — ^This salt may be purchased. It is 
dissolyed in strong ammonia and allowed to stand for some time. A slight ydlow 
precipitate containing ferric hydrate usually subsides. The dear fluid is poured 
mto concentrated nitric acid as long as the molybdic acid which at first preci* 
pitates is entirely redissolyed. The nitric acid solution should remain colourless 
on boiling. A yellow precipitate indicates contamination with.phosphoric acid, 
and the reagent should not oe used, till it remains ebar on digsstioiL 

Ammome Sulphate, SOsAmo^. — ^Becrystallize the commercial salt from an 
immoniaoal solution in order to separate iron. £eep a saturated solntioa for use. 

Anunonie Nltrmte, IfO^Amo. — ^The commercial saft is dissolyed, when 
required, to a saturated solution. It should leaye no residue when ignited on 
platinum. 

Baric Clilorlfle,* BaCIj + 2 aq. — The commercial salt is rarely pure 
enough, and not unfrequently contains lead. It should not giye a precipitate 
with sulphuretted hydiogen or auMnonio sulphide, nor should a sesidue bet left 
after precipitating the whole of the barium by pure sulphuric acid and eyapo- 
rating the filtrate in a platinum dish. Purify, if necessary, by passing a current 
of sulphuretted hydrogen, filtering and reciystallizing. Dissolye in ten parts of 
water. 

Baric Nitrate, N304Bao". — Should not be precipitated by argentic 
nitrate, as it is sometimes employed, instead of baric chloriae, in order to ayoid 
introdudng any chlorine into a solution. Pure baric acetate answers the same 
purpose. For other impurities, test as for baric ohlerida. Dissolye one part in 
16 parts of water. 

Baric Garliaaate,* OOBao''. — ^Prepared J^ precipitation of pure bario 
chloride with ammonic carbonate and AmHo. Wash well till free from AmCl ; 
stir up the precipitated baric carbonate with water to a thick creamy con- 
sistency, and keep it for use in a stoppered bottle. Shake up before using thia 
reagent. 

Calde €lilorlde,* Oads + 6 aq. — ^The commercial salt is dissolved in five 
parts of water. The solution should be neutral to test-papers, and should not be 
precipitated by ammonic sulphide (iron). 

€alclc Sulphate, SO^Cao''. — ^A saturated solution is prepared by xe^ 
peatedly shaking up gypsum (SOHosOao'' + aq.) with water, allowing to subside, 
and syphoning off the clear liquid. 

Magnetic Sulphate. — ^Dissolve the commereial salt (SOHo2Mgo'' + 6aq.) 
(recrystallized, if necessary), in ten parts of water. 

Ibivneala Hlxtnre. — Dissolve 55 gms. of crystallized BCffCl^ in distalled 
water, add 70 grms. of AmCl and 350 c.c. of concentrated solution of ammonic 
hydrate, and make up to 1 litre. 

Ferrous Sulphate. — ^The commercial salt (SOHosFeo^' -k 6 aq.),.ia pure 
enough. Dissolve as required for use in ten parts of water. 

Ferric €hlorlde,* F^CIq.— Prepared hj dissoLring, freshly precipitated 
and well washed FejHos in pure HCl, keeping the ferric hycuate in excess. 
Allow to cool, dilute with an equal bulk of water and filter. 

FlnmUle Acetate,* ({ qqV ^^''* Dissolya thee cemmenial salt in ten 
parts of water. 

Argentic Wltrate,* NOjA^ — Prepared either from silver (pure), or from 
a silver alloy (a silver coin), by dissolving in pure nitric acid, and precipitation as 
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AgCL Filter off the oapric salt, and wtmh. thorouffhlj with hot water'; tranrfer 
to a porcelain dish, and introduoe dean strips of zinc. Collect the finely diyided 
silyer on a Alter, wash thoroughly with hot water, acidulated with a little snl- 
phnrio acid, and disBolve in dilute nitric acid. Eyaporat-e the solution to dryness, 
and fuse the residue gently. Dissolve in twenty parts of water. 

Herenrovs Nltmte. — Dissolve the crystals of the commercial salt, 
^Q^g^" + 2 aq., in 20 parts of cold water, acidulated with 1*2 part of nitric 
acid. Keep some metallic mercury in the filtered solution. 

Merevrle ClilorlAe, HsOlf.— Dissolve the commercial corroeive sublimate 
in twenty parts of water. 

HeMler*8 Solntlon.— Dissolve 3*5 grms. of KI in 10 c.c. of water ; next 
dissolve 1*6 grm. of HgOIg in 80 c.c. of water ; add the mercury solution gmdu- 
ally, and with continuous a^tation to the solution of potassic iodide, until the 
precipitate ceases to be re-dissolved ; then add 60 c.c. of potassic hydrate and 
filter. Keep in a small bottle, out of contact with ammonia ftunes. 

This reagent is of great value for the detection of mere traces of ammonia. 

Cvprlc Snlpliate. — The commercial salt (SOHojCuo'' + 4 aq.) is purified 
by repeated crystallisation. Dissolve the ciystab in ten parts of water. 
Impurities. — Iron, zinc. 

Cnprtc ChlorlAe, OuGl). — ^Prepared by dissolving oupric oxide in HGl. 

Cnprons Glitortdey 'Ou'tOls. — Obtained by digesting OuCls with metallic 
copper and HGl. 

atannovt Chloride, SfaClj. — Prepared by boiling pure mnulated tin in 
concentrated HGl, with the aid of a piece of platinum foil. l>ilute with four 
volumes of water, acidulated with HGl. Keep the filtered solution over granu* 
lated tin in a small stoppered bottle. 

Auric Chloride, AuClg. — Prepared by dissolving pure gold in aqua regia, 
evaporating to dryness on a water-bath and dissolving in water. 

Plmtlnie Chloride) PtCl4. — ^Dissolve some platinum scraps in aqua regia. 
Precipitate with AmCl. Collect precipitate on a Swedish filter-paper; wash 
with strong alcohol ; dry and ignite in a porcelain crucible, gently at fint, and 
lastly to intense redness. Redissolve the spongy platinum in aqua regia. Evapo- 
rate repeatedly to dryness on a water-bath, with addition of HGL Dissolve in 
ten parts of water. Pure platinic chloride should dissolve completely to pure 
alcohol. 

METALS AND OXIDES. 

Zinc, free from arsenic, granulated, and in the form of strips or sticks. 

Iron {tteel), copper, tin, lead, platinum (used in the form of wire, bars, sheet, 
turnings) and mercury can be obtained of sufficient purity for the purposes of 
qualitative analysis. 

Metallle Lead free from ailTer.— Prepared by precipitation of plumbic 
acetate by metallic zinc. 

PlnmMc Blozlde, FbOs. — Beadily prepared by digesting red lead in 
boiling dilute nitric acid. The brown powder is well washed by decantation, and 
lastly on the filter. 

Mansaiile Bloxide, KnOs — ^Use the powdered commercial black oxide. 

Hydrie Peroxide, O^Ep or Hof. — ^A solution may be prepared by passing 
a current of carbonic anhydride through water in which baric peroxide is sus- 
pended. The precipitated baric carbonate is filtered off. 
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Reagents used for Fusions oundfor Blowpipe Eeactions. 

Sodtc Garlionate,* OONao2- — Should be free from Bolphate and chloride. 

Fntlon Mixture* or White Flux. — Consisting of dry OONaosand 
OOE02, mixed in the proportion of their combining weights, i,e,, 106 + 138, or 
in the proportion of 10 to 13. 

JPure carbonates free from silica, chlorides, and sulphates, should be pro- 
cured, as their purification cannot be effected without using silver and platinum 
yessels. 

Black Flux. — ^Prepared bj igniting crystals of Rochelle saU (potassic sodic 
.tartrate) in a platinum crucible. The residue consists of carbon and alkaline 
carbonates. 

Hydrle Aoiiiioiilc Sodlc Phosphate,* POHoAmoNao + 8 aq. (Hicro- 

cotmlc Salt). — The salt should be dried and used in the form of a powder. 
On being heated in a loop of platinum wire it is converted into FOjNao. 

Potassic Cyanide,* KCy. — ^Exceedingly useful for reducing metallic oxides 
and sulphides, either in the crucible or on charcoal. For blowpipe reactions a 
mixture of equal parl« of KGv and OONao2 (or fusion mixture), is preferable, 
because it sinks readily into the charcoal and yields metallic globules of great 
purity. For the separation of Ni and Co the salt is dissolved, when required, in 
twenty parts of cold water, as its aqueous solution is rapidly diecompoBed. 

Potassle Nltrat«,* NO2K0. — Used as an oxidizing-agent. The commer- 
cial salt should be purified by dissolving the crystals in hot water to a saturated 
solution, and allowing to cool in a porcelain dish with continuous stirring. The 
nitrate fisJls out first as a fine white powder, and the impurities, e.g., phosphate, 
sulphate, or chloride, are left in the mother-liquor. 

Potassle Chldrate»* \ o£o' — ^^^^ ^^ ^^^ readily be obtained pure, i.e., 

free from chloride. Either by itself, or in conjunction with hydrochloric acid, it 
serves as a powerful oxidizing agent. 

Borax,* ^fi^2^ + 10 aq. — The crystals should be gently heated in a 
platinum crucible till the water of crystallisation has been driven ofi^, and the 
mass kept powdered and ready for use in blowpipe reactions. 

Bydrlc Potassle Sulphate, SO^HoKo. — Prepared by heating in a plati- 
num dish 87 parts of normal potassic sulphate with 49 parts of pure sulphuric 
acid, till the clear mass fuses steadily. Four out on a porcelain slab, and keep 
the lumps in a bottle. 

Gohaltons Nitrate, IXfifioo". — Used in solution only. Should be free 
from other metals. Dissolve the commercial salt in ten parts of water. 

VegeiMe Colouring Matters, — Test-jpapers. 

Litmus Solution. — Its preparation has been described in my Introduction to 
Inorganic Chemistrg, p. 9. 

I}urmeric Paper. — Prepared by digesting at a gentle heat one part of turmeric 
root with six parts of alcohol. Filter and soak stnps of porous paper with the 
yellow extract. The dried papers should exhibit a fine yellow tint. Like litmus- 
papers, they serve for the detection of free alkalies. All test-papers should be 
kept in weU-stoppered bottles or wooden boxes. 

Indigo Solution. — ^Prepared by gradually stirring four to six parts of fuming 
sulphuric acid into one part oi finely divided indigo, and allowing the mixture to 
stand for 48 hours, before pourmg it into 20 parts of water. Filter, and keep for 
use in a dark place. The solution of indigo is used for detecting nitric acid, 
chloric acid, and free chlorine, owing to the formation of products of oxidation of 
a yellow colour. 
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APPENDIX IV. 



(A.) EXAMINATION OF A SIMPLE SALT. 
Prbliminary Examination for Base. 

Sabstanoe given : wliite crystalline, readily soluble in water, 

reaction of solution alkaline. 



Experiment. 


Observation. 


Inference. 


Heated some of the pow- 
dered Bubstance in a dry 
test-tube. 

Treated residue with water, 
and filtered. Tested with 
litmus paper. 

Added dilute Ha. . 

Tested HCl extract on pla- 
tinum wire in a Bunsen's 
gas flame. 


Gkiye of water ; fused ; 
was slightly blaokened ; 
gave off CO, burning 
with a blue flame. 

The residue dissolved ; 
the solution reacted 
strongly alkaline. 

Eflervescence, whilst be- 
fore ignition the sub- 
stance did not effervesce. 

Violet flame 


Oxalate, formate. 

Alkaline oxalate. 
Potassium. 



Examination of Solution for Base. 



Added Ha. 



No pp. Ab- 
sence of 
Group I. 



Added a solution of SH2 to the same solution. 



No pp. Ab- 
sence of 
Group II. 



To a fresh portion of the solution added Ama, 
AmHo, and SAm^. 



No pp. Ab- 
sence of 
Group III. 



To the same solution added GOAmOs* 



No pp. Ab- 
sence of 
Group IV. 



The solution may con- 
tain — 

MflrO, ok:,, ONaa. 
Tested a fresh por- 
tion of solution spe- 
cially for K by addmg 
HCl and PtCl4, yel- 
low crystaUine preci- 
pitate. 

Presence of K. 
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Pbeliuinabt Examination fob Acid. 



Experiment. 


Observation. 


Inference. 


Treated a portion of the 
powdered substance with 
concentrated SO3H03. 

Passed gases into lime- 
water and applied a light 
to the unabsorbed gas. 


00 and OOj given off, 
with slight blackening 
of substance. 

White precipitate in lime- 
water ; gas burnt with 
blue flame. 


From decomposition of 
oxalate. 



Examination of Solution foe Acid. 



Acidulated with 
HOL 


Acidulated with 
NO2H0. 


Acidulated with-j nOHo 


No precipitates. 


No precipitates. 


OaCl] a white p.p. 
SOaOao" „ 

Presence of {ggg^- 



Found Potasslc Oxalate. 



(B.) EXAMINATION OP A COMPOUND SUBSTANCE. 

Preliminabt Examination fob Bases. 

Componnd given : a dirty white powder. 



Experiment. 



Heated some of the pow- 
dered substance in a dry 
test-tube. 



Heated a portion of the 
substance, mixed with 
GONaO], in a bulb-tube. 

Heated some of the pow- 
dered substance on char- 
coal before the blowpipe 
flame. 



Observation. 



Substance fused. G-ave 
heavy white fumes, 
which condensed in the 
upper part of the tube. 

Ghave off reddish-brown 
fumes and a gas which 
supported combustion. 
The residue was yel- 
lowish, whilst hot, dirty 
white, on cooling. 

ITHg given off. Mirror 
and metallic globules. 

Substance gave off heavy 
fumes, and was partly 
reduced to the metallic 
state. The metal was 
malleable; the incrus- 
tation yellow. 

A portion of the ignited 
mass appeared strongly 
luminous. 



Inference. 



Compounds of Am, 
Hg, As, etc. 



From decomposition of 
nitrates of Pb, Bi, 
etc. 



Am and Hg com- 
pounds. 

Pb. 



AlTfaline earthy bases. 
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EXAMIKATION OF SOLUTION FOB BaSES. 

Substance dissolved partly in water, partly in HGl, with evolution 
of CO3. On mixing the two solutions, acicular crystals of 
FbCl) fell out. Filtered off. Confirmed presence of lead by 
means of CrOsKos or SO3H0S. 



Passed a current of SHj. 



A black pp. 



Eyaporated filtrate to dryness, with a few drops of NOjHo. 
Took up ¥dth dilute HC^. Added AmCl, AxnHo, and BAjUf. 



No pp. 

Absence of Group III. 



To the same solution added GOAmos. 



A white pp. 



On eyaporating filtrate to 

dryness, and igniting, 

no fixed residue was 

left. 

Absence of My, K, Na. 



Examination op Pbbcipitatb produced in Group II. 



Washed precipitate till free from HCl, and boiled with SAmg. 



Besidue. — ^Boiled with KOjHo. Diluted with OHj, and 
added dilute SOjHo] and methylated spirit. Filtered. 



Besidue. — Boiled in ammonic acetate, 
and filtered. 



Beeidue. — Dried and 
ignited in a bulb- 
tube, with dry 
OONao,. Metallio 
mirror and glo- 
bules. Presence 
of Hff. 



Solution. — ^Added 
OrOsEos, yel- 
low precipitate. 
Presence of 
Pb. 



Solution. — SHs ad- 
ded to a portion 
of solution gare no 
precipitate. Ab- 
sence of Bl, CUr 
Cd. 



Solution. — Acidu- 
lated ¥dth dilute 
HCl. No yellow 
precipitate. Ab- 
sence of A»f 8b» 
and 8n. 



Examination op Precipitate produced in Group IV. 



Dissolred precipitate in a little dilute HGL Tested a portion of the solution 
with SO^ao' — no precipitate, eren after some time. Absence of Ba and Sr. 
Confirmed presence of Ca by adding to another portion of the solution AmHo 

and I o^Amo* ^ ^^*® precipitate. Presence of Ca. 
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Experiment. 


Observation. 


Inference. 

* 


Treated with dilute HCl. 

Treated with concentrated 

SO3H03. 
Confirmed HCl by heating 

BubstAnce with MnOj 

and SO2H02. 
Ditto NO2H0 by meanB of 
SOsHoa and SOsFeo''. 


E£fervescence. The gas 
precipitated lime-water. 
CI and nitrous fiimes. 

Chlorine erolved. 

A brown ring was formed. 


OO2. 

HCl and NO2H0. 

HCl. 

NOaHo. 



Examination of Solution for Acids. 

Prepared solution by boiling some of the powder with a solution of 

CONaoa; filtered, and acidulated with — 



HCl. 


NO2K0. 


roHj 

1 OOHo- 


Neutral solution. 


Ko precipitates. 


N02Ago, white curdy 
p.p., soluble in 
AmHo. Presence 
of HCl. 


No precipitates. 


No precipitates. 



Found — XBases : HgrO, PbO, OaO, OAma. 
Acids : OOj, NO2H0, HCl. 
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Wood . . . . . . 8vo, i6s. 

*^ It has been the author's endeavour to produce a Treatise on Chemistry sufficiently 
comprehensive for those studying the science as a branch of general education, and one 
which a student may peruse with advantage before commencing his chemical studies at 
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mencing the study of practical chemistry. It does not presuppose any knowledge of 
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Effects and Therapeutics; (4) Form and Doses; (5) Preparations ; (6) Prescriptions. 
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medicine." — Pall Mall Gazette. 
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Third Edition. Fcap 8vo, 6s. 
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Jonathan Pereira 
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planatory Notes ; the Grammatical Construction of Prescriptions ; Rules 
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Pereira, M.D., F.R.S. Sixteenth Edition .... 32mo, 5s. 
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F, H, Lescher 

AN INTRODUCTION to the ELEMENTS of PHARMACY. 
By F. Harwood Lescher. Fourth Edition . 8vo, 7s. 6d. 
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Characteristics ; Natural Orders. 

III. Chemistry : Outline of Physics ; Simple Primary Analysis ; Detection of 
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MATERIA MEDICA AND THERAPEUTICS, for the Use of Prac- 
titioners and Students of Veterinary Medicine. By Richard V. TusON, 
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Bentley, F.L.S., Professor of Botany, King's College, and to the Pharma- 
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[Crown 8vo, 14s. 
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AN INTRODUCTION TO PHYSICAL MEASUREMENTS, 
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• W. B. Carpenter, M.D., F.R.S. Fifth Edition, with more than 500 Wood 

Engravings Crown 8vo. Just ready, 
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regard to the use of his instrument and its appliances, which is most essential to the 
working microscopist, with such an account of the objects best fitted for his study as may 
qualify him to comprehend what he observes, and thus prepare him to benefit science, 
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J. H, Martin 

A MANUAL OF MICROSCOPIC MOUNTING ; with Notes 
on the Collection and Examination of Objects. By John H. Martin, 
author of " Microscopic Objects." With upwards of 100 Engravings. 

[8vo, 7s. 6d. 

*** The aim of this work is to supply the student with a concise manual of the prin- 
ciples of microscopic mounting, and to assist his progress in the manual dexterity, as far 
as illustrations and words render it possible, necessary in their application. 



THE QUARTERLY JOURNAL OF MICROSCOPICAL 

SCIENCE. (Established in 1852.) Edited by Dr. J. F. Paynk, Assistant- 
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THE THANATOPHIDIA OF INDIA; being a Description 
of the Venomous Snakes of the Indian Peninsula. With an Account of 
the Influence of their Poison on Life, and a Series of Experiments. By 
J. Fayrkr, M.D., C.S.I., Honorary Physician to the Queen ; late President 
of the Asiatic Society of Bengal. Second Edition, with 31 Plates (28 
Coloured) Folio, 7/. 7s. 
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OF INFERIOR ANIMALS : A Popular Description. By W. Whalley, 
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A, Chauveau and G, Fleming 

CHAUVEAU'S COMPARATIVE ANATOMY OF THE 
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Edition, and Edited by George Fleming, F.R.G.S., Veterinary Surgeon, 
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A MANUAL OF THE ANATOMY OF VERTEBRATED 
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** Compact, lucid, and well arranged. 
These Notes will, if well used, be valuable 
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we are thoroughly satisfied with the manner 
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Lecturers, and others. By J. Reay Greene, M.D., Professor of Natural 
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science, and with a view to remove the difficulties which arise from the various opinions 

held by different zoologists. 

Andrew Wilson 
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SCIENCE. Containing a Concise Explanation of the various Subjects 
and Terms of Anatomy, Physiology, Pathology, Hygiene, .Therapeutics, 
Pharmacology, Phnrmacy, Surgery, Obstetrics, Medical Jurisprudence, and 
Dentistry, Notices of Climate and of Mineral Waters, Formulae for Officinal, 
Empirical, and Dietetic Preparations ; with the Accentuation and Etymo- 
logy of the Terms, and the French and other Synonyms. By Robley 
DUNGLISON, M.D. New Edition, thoroughly Revised by Richard J. 
DUNGLISON, M.D. . . . Royal 8 vo (1,130 pp.), 28s. 

*^* The object of the author from the outset has been to make the work an epitome 
of the existing condition of medical science. Starting with this view, the great demand 
which has existed for the work has enabled him, in repeated revisions, to augment its 
completeness and usefulness, until at length it has attained the position of a recognised 
and standard authority. 

R. G, May fie and J. Mayne 
MEDICAL VOCABULARY : an Explanation of all Names, 
Synonyms, Terms, and Phrases used in Medicine and the Relative 
Branches of Medical Science, giving their correct Derivation, Meaning, 
Application, and Pronunciation. Intended specially as a Book of Reference 
for the Young Student. Fourth Edition . . . Fcap 8vo, 8s. 6d. 



" We have referred to this work hundreds 
of times, and have always obtained the in- 
formation we required . . , Chemical, 



Botanical, and Pharmaceutical Terms are 
to be found on almost every page.**-— 
Chemist and Vruqpst* 
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G, Dawson 

A MANUAL OF PHOTOGRAPHY. By George 

Dawson, M.A., Ph. D., Lecturer on Photography in King's College, London. 
Eighth Edition, with Engravings . . Fcap 8v©, 5 s. fid. 



"The new edition of this excellent 
manual, which is founded on and incorpo- 
rates as much of Hardwich's * Photographic 
Chemistry ' as is valuable in the present 
further advanced stage of the art, retains 
its position as the best work on the subject 
for amateurs, as well as professionals. The 



many new methods and materials which 
are so frequently being; introduced, make it 
essential that any book professing to keep 
up to the times must be frequently revised, 
and Dr. Dawson has in this work presented 
the subject in its most advanced position." 
—Nature^ May 29, 1873. 



Lake Price 

A MANUAL OF PHOTOGRAPHIC MANIPULATION. 

By Lake Price. Second Edition, Revised and Enlarged, with numerous 
Engravings . . . . . . . . Crown 8vo, 6s. 6d. 

*^* Amongst the Contents are the Practical Treatment of Portraits — Groups in the 
Studio— Landscapes — Groups in Open Air — Instantaneous Pictures — Animals — Architec- 
ture — Marine Subjects — Still Life — Copying of Pictures, Prints, Drawings, Manuscripts, 
Interiors — Stereoscbpy in Micro photography, &c., and Notices of the last Inventions 
and Improvements in Lenses, Apparatus, &c. 



" In these days, when nearly every intel- 
ligent person can, after a few weeks, master 
the manipulatory details of our art-science, 
attention to the artistic treatment of sub- 
jects is a matter for the serious considera- 
tion of the Photographer ; and to those who 



desire to enter on this path, Mr. Lake 
Price, in the volume before us, proves 
himself to be * a guide, philosopher, and 
•friend.' "—TAg British Journal of Photo- 
gr.aphy. 



C. Brooke 
THE ELEMENTS OF NATURAL PHILOSOPHY. By 
Charles Brooke, M.B., M.A., F.R.S. Based on the Work of the late 
Dr. GOLDING Bird. Sixth Edition, with 700 Engravings on Wood. 

[Fcap 8vo, I2s. 6d- 

CONTENTS 

I, Elementary Laws and Properties of Matter : Internal or Molecular Forces— 
2, Properties of Masses of Matter : External Forces~3, Statics— 4, The Mechanical 
Powers, or Simple Machines — 5, Principles of Mechanism — 6, Dynamics — 7, Hydro- 
statics — 8, Hydrodynamics— 9, Pneumadcs— 10, Acoustics — 11, Magnetism; Diamag- 
netism— 12, Franklinic Electricity — 13, Voltaic Electricity— 14, Electro-Dynamics — 
15, Electro-Telegraphy— 16, Thermo-Electricity— 17, 'Organic Electricity— 18, Catop- 
trics and Dioptrics— 19, Chromatics — 20, Optical Instruments— 21, Polarised Light— 
22, Chemical Action of Light : Photography — 23, Thermics — 24, Radiant Heat. 



G. F. Rodwell 

NOTES ON NATURAL PHILOSOPHY: 
Lectures delivered at Guy's Hospital, by G. F. Rodwell, F.R.A.S., 
Science Master in Marlborough College. With 48 Wood Engravings. 

[Fcap 8vo, 5s. 



"As an introductory text-book for this 
Examination [the Preliminary Scientific 
(M.B.) of the University of London], it is 
quite the best one we have seen . . The 
Notes ' chiefly consist of lucid and con- 
cise definitionSr and everywhere bristle with 



the derivations of scientific terms.** — 
Nature, 

** A well-arranged and carefully-written 
condensation ot the leading facts and prin- 
ciples of the chief elements of Natural 
Philosophy." — Chemical News, 
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The following Catalogues issued by Messrs Churchill 
will be forwarded post free on application: 

1. Messrs ChurchilVs General List of nearly 600 works on 

Medicine, Surgery, Midwifery, Materia Medica, Hygiene, 
Anatomy, Physiology, Chemistry, &c., &c,, with a complete 
Index to their Titles for easy reference. N.B. This List 
includes Nos. 2 and 3. 

2. Selection from Messrs Churchiirs General List, comprising 

all recent works published by them on the Art and Science 
of Medicine, 

3. A Selected and Descriptive List of Messrs ChurchilVs works 

on Chemistry, Pharmacy, Botany, Photography, and other 
branches of Science. 

4. Messrs ChurchilVs Red- Letter List, giving the Titles of 

forthcoming New Works and Nezv Editions. 

[Published every October.] 

5. The Medical Intelligencer, an Annual List of New Works 

and New Editimis published by Messrs J. & A, Churchill, 
together with Particulars of the Periodicals issued from 
their House. 

[Sent at tbe commencement of each yeaj to every Medical Practitioner in 
the United Kingdom whose name and address can be ascertained. A 
large number are also forwarded to the United States of America, 
Continental Europe, India, and the Colonies.] 



V,'\'N-^./V/V-\. 



Messrs CHURCHILL have a special arrangement with Messrs 
LINDSAY & BLAKISTON, OF Philadelphia, in accordance with 
which that Firm acts as their Agents for the United States of America, 
either keeping in Stock most of Messrs Churchill's Books, or reprinting 
them on Terms advantageous to Authors. Many of the Works in this 
Catalogue may therefore be easily obtained in America. 



J4*Gcwan 6* Co., Printers, GrecU Windmill Street, Hay market. 



